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RESIN MOLDING APPARATUS AND RESIN SUPPLY APPARATUS 

 

F I EL D O F TE C H NO L OG Y  

     T he  p re se n t  i nv en t i o n  r e l a t e s  t o  a  r e s i n  mol d i ng  

ap pa ra tu s  ( res in  seal ing  appara tus)  an d  a  r e s in  su pp l y  a pp a r a t us ,  

especially relates to an efficient technology applied to a resin  

molding apparatus for resin -molding with granular resin including 

powder resin (hereinaf ter  referred to as “granular resin”).  

 

BA C KG R OU ND  T EC H NO LO G Y  

     J ap a ne se  La id -o pe n  Pa te n t  Pu b l i c a t io n  N o .  2 00 9 - 23 40 00  

(P a t en t  Do c u men t  1 )  d i s c l os e s  a  t ec hn o l og y f o r  s up p l yi n g  

g r an u l a r  r e s in  t o  a  su p p l y t a rg e t .  I n  th i s  t ec h no lo g y,  th e  

g r an u l a r  r e s i n  i s  s up p l i e d  b y  u s i ng  a  s h oo te r,  w h i ch  i s  ex te nd ed  

in  th e  v e r t i ca l  d i r e c t i on ,  a nd  a  d i f f us i ng  me mb er,  wh ic h  i s  

p r ov id ed  in  t he  s ho o t e r  so  a s  t o  d i f f use  t he  r e s i n  ( a  d i f f us in g  

me th od ) .   

 

PR IO R  A RT D OC UM E NT  

PAT EN T D OC U M EN T  

     Pa t e n t  Do cu me nt  1 :  J ap an es e  L a i d - o pe n  P a t en t  

Pu b l i c a t io n  N o .  2 00 9 - 23 40 0 0  

 

SU M MA RY OF  T HE  I NV E NT IO N  

PR O BL E MS  TO B E SO LVE D B Y T HE  I NV E NT IO N  

     I n  o n e  o f  r e s i n  mol d i n g  a pp a r a t us es  ha v i ng  a  r e s i n  s up p l y  

se c t io n ,  t h e  r e s in  s u pp l y s e c t io n  d ro ps  an d  s up p l i e s  g ra n u l a r  

r e s i n  on to  a  su r f ace  o f  a  w or kp iec e  ( s up p l y t a rge t ) ,  t he  

wo rk p i ec e  i s  c on ve ye d  t o  t he  p r e s s  se c t io n ,  a n d  th en  th e  
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gr an u l a r  r e s i n  i s  t h e r ma l - cu re d  i n  th e  p re s s  s ec t i on  so  a s  t o  

f o r m a  r e s in - s ea le d  pa r t  o n  th e  wo r kp ie ce .  

In  on e  o f  me t h od s  f o r  su pp l yi n g  t he  r e s i n ,  t h e  g ra n u l a r  

r e s i n  i s  s to re d  in  a  c yl i nd r i ca l  ho l de r  wh os e  bo t t o m  i s  c lo se d  

b y a  sh u t t e r,  a n d  t he  g r an u l a r  r e s in  i s  d ro p pe d  a n d  s up p l i e d  

on to  t he  w or k p i ec e  b y o pe n i ng  th e  s hu t t e r  ( an  o pe n i n g  me th od ) .  

In  an o t he r  me t h od  f o r  s up p l yi n g  t he  r e s i n ,  t h e  g ra nu la r  r e s in  i s  

d r op pe d  a n d  s u pp l i e d  on to  t he  w or kp ie ce  b y a  r e s i n  d r op p i n g  

pa r t ,  a n d  a  t ab le  o n  wh ic h  th e  r e s in  d ro pp in g  pa r t  o r  t he  

wo rk p i ec e  i s  mo u n t ed  i s  mo ve d  in  X -  a n d  Y- d i r e c t io ns  s o  a s  t o  

su pp l y t he  g r an u l a r  r e s in  o n  a  su r f ace  o f  th e  wo rk p i ec e  l i ke  

t r a v e r sa b l e  w r i t i n g  ( a  wr i t in g  me t ho d) .  F ur th e r,  t h e  g r an u l a r  

r e s i n  ma y b e  ma n ua l l y  s u pp l i ed  on t o  th e  wo rk p i ec e .   

In  c as e  o f  pe r f o r mi ng  th e  o pe n in g  me t ho d ,  wr i t i ng  

me th od  o r  d i f f us i ng  me th od ,  e ve n  i f  g r an u l a r  r e s i n  i s  d r o pp ed  

to  be  e ve n l y s u pp l i ed  o n t o  a  s u r f ace  o f  a  w or k p i ec e ,  t h e  

de po s i t e d  r e s i n  f o r ms  c on ve x oc on ca ve s  on  t he  s u r f ace .  F o r  

ex a mpl e ,  i n  ca se  o f  ev en l y s up p l y i n g  g r an u l a r  r e s in  on to  a  

wo rk p i ec e  on  w hi ch  e l ec t r o n i c  pa r t s  ha ve  b ee n  ma t r i ca l l y  

mo un te d ,  c o nv ex o co nc av es  w h i c h  c o r re sp on d  to  th e  e l e c t r on ic  

pa r t s  mu s t  b e  f o r me d  on  t he  su r f ac e  o f  th e  su pp l i ed  r e s in .  I f  t h e  

wo rk p i ec e  o n  wh i ch  t he  r e s i n  ha s  b ee n  su pp l i e d  in  su ch  a  s t a t e  

i s  co mp re ss io n - mol de d ,  a i r  p oc ke t s  w i l l  b e  f o r me d  be tw ee n  

mo ld in g  d i e s  a n d  th e  wo rk p i ec e  an d  a i r  c an n o t  b e  s u f f i c i en t l y  

d i sc ha rg ed ,  so  m ol d  de f e c t s ,  e .g . ,  i nc o mpl e t e  f i l l i n g  (v o i ds ) ,  

w i l l  b e  ca us ed  i n  a  mo ld ed  p ro d uc t  ( r e s in - s ea le d  pa r t ) .    

An  o b j ec t  o f  t h e  p r e s en t  in ve n t io n  i s  t o  p r o v i d e  a  

t ec h no lo g y ca pa b l e  o f  r ed uc in g  mo ld  de f e c t s  su ch  a s  

in co mp le te  f i l l i ng .  Sa id  o b j e c t ,  o t he r  o b je c t s  a n d  
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ch a r ac te r i s t i c s  o f  th e  p re se n t  in ve n t io n  w i l l  b e  c l a r i f i e d  f ro m 

th e  d es c r ip t i on  o f  the  p r e s en t  sp e c i f i c a t i on  an d  t h e  a t t ac he d  

d r aw in gs .  

 

MEANS FOR SOLVING THE PROBLEMS 

     Typical structures of the present invention will be briefly 

described.  

     An example of the resin molding apparatus of the present 

invention comprises: a resin supply section for dropping granular 

resin onto a workpiece; and a press section including a pair of dies,  

which clamps the workpiece, on which the granular resin has been 

supplied, and thermal-cures the granular resin, and the resin supply 

section includes: a resin dropping part; a workpiece mounting part, 

on which the workpiece will be mounted, being located immediately 

under the resin dropping part; and a driving mechanism for moving 

at least one of the resin dropping part and the workpiece mounting 

part.  a resin supply section for dropping granular resin onto a supply 

target; a conveying hand for conveying the supply target; and a press 

section including a pair of dies, in which a recessed cavity will be 

formed, the resin supply section includes: a trough for dropping the 

granular resin onto the supply target; a supply target mounting part,  

on which the supply target will be mounted, being located 

immediately under the trough; a driving mechanism for moving the 

trough; a first storing part storing the granular resin; a second 

storing part being smaller than the f irst storing part,  the granular 

resin being supplied to the second storing part when the second 

storing part is moved to a prescribed position close to the f irst 

storing part thereby the second storing part temporarily stores the 

granular resin sent from the first storing part and supplies the 
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granular resin to the trough; and a weight scale, which measures a 

supply amount of the dropped granular resin in a state where the 

supply target is mounted on the supply target mounting section, 

being provided to the supply target mounting part,  the f irst  storing 

part is fixed, the trough is moved, by the driving mechanism, 

together with the second storing part, the supply target mounting 

part is f ixed, the trough is moved to supply the granular resin onto 

the supply target and form the same in a desired p attern thereon, the 

conveying hand conveys the supply target, on which the granular 

resin has been supplied, into the pair of dies and sets therein, and 

the press section clamps the supply target, on which the granular 

resin has been supplied, by the pair of dies and thermal-cures the 

granular resin in the cavity for resin molding.  

The resin supply section may further include: a first storing 

part storing the granular resin; a second storing part being smaller 

than the first storing part, the second storing  part temporarily 

storing the granular resin sent from the first storing part and 

supplying the granular resin to the resin dropping part; and a weight 

scale, which weighs a weight of the dropped granular resin in a state 

where the workpiece is mounted on the workpiece mounting part, 

being provided to the workpiece mounting part,  and the f irst storing 

part is f ixed, the resin dropping part is moved, by the driving 

mechanism, together with the second storing part,  and the workpiece 

mounting part is f ixed.  

     With the above described structure, the movable section 

including the trough and the second storing part can be made lighter 

and downsized, so that the trough can be moved smoothly. Further, 

an error between an actual supply amount of the dropped resin 

weighed by the weight scale and a predetermined supply amount 
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thereof can be corrected. With this effect, mold defects such as 

incomplete f illing can be reduced .  

 With the above described structures, the movable section 

including the resin dropping part can be made lighter and downsized, 

so that the resin dropping part can be moved smoothly. Further, an 

error between an actual supply amount of the dropped resin weighed 

by the weight scale and a predetermined supply amount thereof can 

be corrected. With th is effect, mold defects such as incomplete 

filling can be reduced.   

In the resin molding apparatus, a base resin part can be formed 

by a writing method, which is performed by continuously dropping 

the granular resin onto the supply target from the trough, with 

relatively moving the supply target mounting part with respect to the 

trough by the driving mechanism, and a convex resin part,  which is 

higher than the base resin part,  can be formed on a center part of the 

base resin part by supplying the granular r esin. 

In the resin molding apparatus, the resin dropping part of the 

resin supply section may be fixed, and the workpiece mounting part 

thereof is moved by the driving mechanism.  

With this structure, even if  concavities and convexities are 

formed on the surface of the base resin part,  the melted resin which 

has f lowed from the convex resin part can fill  the uneven surface of 

the base resin part.  Therefore, mold defects such as incomplete 

filling can be reduced.  

With this structure, the predetermined supply amount of the 

granular resin can be correctly supplied to a prescribed position in a 

horizontal surface of the workpiece W. Therefore, mold defects such 

as incomplete f illing can be reduced. 

In the resin molding apparatus, the granular resin is supplied 
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onto the entire surface of the supply target by repeating an action for 

supplying the granular resin onto the supply target in the form of a 

belt when the trough is reciprocally moved in the longitudinal 

direction of the trough.  

In the resin molding apparatus, a base resin part may be 

formed by a writing method, which is performed by continuously 

dropping the granular resin onto the workpiece from the resin 

dropping part,  with relatively moving the workpiece mounting part 

with respect to the resin dropping part by the driving mechanism, 

and a convex resin part,  which is higher than the base resin part,  

may be formed on a center part of the base resin part by supplying 

the resin.  

Here, measuring the actual supply amount of the former 

dropping action by the weight scale and adjusting the supply amount 

for the next dropping action to correct an error between the 

measured supply amount and the predetermined amount are 

repeated.  

With this structure, even if  convexoconcaves are formed on 

the surface of the base resin part,  the melted resin which has f lowed 

from the convex resin part can fill the uneven surface of the base 

resin part.  Therefore, mold defects such as incomplete f illing can be 

reduced. 

With the above described structure, the granular resin can 

be dropped in one belt -like area by performing one dropping action, 

so the granular resin can be evenly supplied in the arranged belt -like 

areas by repeating this action. Further, an error of the total supply 

amount can be highly reduced.  
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Th e  r e s in  mol d i ng  ap pa ra t us  ma y f u r th e r  c o mpr i se  a  

p r eh ea t i ng  se c t io n  be in g  p ro v i d ed  o n  a  wo rk p i ec e  co nv e yi n g  

ro u t e  b e t w ee n  t he  r e s i n  su pp l y s ec t i on  an d  th e  p r e s s  s ec t i on ,  

t h e  p r eh ea t i ng  s e c t i o n  p r eh ea t i ng  t he  w or kp ie ce ,  on  wh ic h  th e  

g r an u l a r  r e s in  h as  be en  s u pp l i ed ,  a t  a  t e mp er a t u r e  lo we r  t h an  a  

mo ld in g  t e mp e ra t u r e .  

Wi t h  th i s  s t r uc t u r e ,  t h e  me l t ed  r e s i n  c an  r ed uc e  a i r  

be tw ee n  g ra in s  o f  th e  g r an u la r  r e s i n .  Na me l y,  i n vo lv i ng  a i r  i n  a  

r e s i n - se a l ed  pa r t  ca n  be  p r ev en te d .  Th e r e f o r e ,  mo ld  de f e c t s  

su ch  a s  in co mp l e t e  f i l l i n g  ca n  be  r e du c e d .  

Th e  r e s in  mol d i ng  ap pa ra t us  ma y f u r th e r  c o mpr i se  a  

co o l in g  se c t io n  b e i ng  p ro v i de d  o n  t he  w or kp ie ce  c on ve yi n g  

ro u t e  b e t w ee n  t he  p r eh ea t i ng  s ec t i o n  a nd  t he  p re s s  se c t i o n ,  t h e  

co o l in g  se c t io n  c oo l i ng  t he  p re he a t ed  w or kp ie ce .  

Wi t h  t h i s  s t r uc tu r e ,  e ve n  i f  t he  g r a nu la r  r e s in  i s  h ea te d  

b y t he  p r eh ea t i ng  s ec t i on ,  s ho r t en i ng  a  ge l  t i me  un t i l  mo l d i ng  

ca n  b e  r e s t r a i n ed .  Na me l y,  f l u i d i t y  o f  th e  r e s i n  c an  b e  e ns u r ed  

wh i l e  th e  r e s i n  mo ld in g  i s  p e r f o r me d .  T he re f o re ,  ev en  i f  t he  

su r f ac e  o f  t he  b a se  r e s i n  p a r t  i nc l ud es  co nv ex oc o n ca ve s ,  t h e  

me l t ed  r e s in  f ro m  th e  co n ve x  r e s i n  pa r t  f l o ws  o n  th e  su r f ac e  o f  

th e  b a se  r e s i n  pa r t  an d  f i l l s  t h e  c on ve xo co nc a ve s .  Th e r e f o r e ,  

mo ld  d e f ec t s  s uc h  a s  in co mp le te  f i l l i ng  c an  b e  r e du c ed .  

 

EFFECTS OF THE INVENTION 

Th e  e f f ec t  o f  t he  t yp i c a l  s t ru c tu re  o f  t he  p re se n t  

in ve n t io n  w i l l  b e  ex p l a i ne d .  In  th e  t yp i ca l  r e s in  mol d in g  

ap pa ra tu s  o f  t he  p re se n t  i nv en t i on ,  mol d  d e f ec t s  s uc h  a s  

in co mp le te  f i l l i ng  ca n  b e  r e du ce d .  
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BR IE F  D ES C RI P TI ON  O F  T HE  D R AWIN G S  

     [ F i g .  1 ]  s h ow s  a  l a yo u t  o f  a  r e s i n  mo ld in g  ap pa ra tu s  

r e l a t i ng  t o  E mb od i men t  1  o f  t he  p re se n t  i nv en t i on .   

     [ F i g .  2 ]  i s  a  s ec t i on a l  v i e w o f  a  r e s in  s up p l y se c t io n  o f  

th e  r e s i n  mo l d i n g  ap pa ra tu s  s ho wn  i n  F ig .  1 ,  w h i ch  i s  i n  

op e r a t io n .  

     [ F i g .  3 ]  i s  a  p l a n  v ie w o f  a  wo rk p i ec e  f o r  e xp la in in g  

op e r a t io n  o f  t he  r e s in  s up p l y s e c t i o n  sh ow n i n  F i g .  2 .  

     [ F i g .  4 ]  i s  a  se c t i on a l  v i ew  o f  t h e  w or kp ie ce  t o  wh ic h  

r e s i n  h as  b ee n  su pp l i ed  b y t he  r e s in  su p p l y s ec t i o n  sh o wn i n  

F i g .  2 .  

     [ F i g .  5 ]  i s  a  se c t io na l  v i e w i n  wh ic h  a  s t e p  o f  t he  r e s in  

su pp l y  o pe ra t i on  f o l l o wi ng  t he  s t ep  s ho wn  i n  F i g .  2  i s  

pe r f o r me d .  

     [ F i g .  6 ]  i s  a  p l a n  v ie w o f  t h e  w or kp ie ce  f o r  e xp la in in g  

th e  op e r a t io n  o f  t he  r e s in  s up p l y s e c t i o n  sh ow n  i n  F i g .  5 .  

     [ F i g .  7 ]  i s  a  se c t io na l  v i e w  o f  t h e  w or kp ie ce  to  wh ic h  t he  

r e s i n  h as  b ee n  su p p l i ed  b y t he  r e s in  su p p l y s ec t i o n  sh o wn i n  

F i g .  5 .  

     [ F i g .  8 ]  i s  a  s ec t i on a l  v i e w o f  a  p re he a t in g  se c t io n  o f  t he  

r e s i n  mo l d i ng  ap p a ra t us  sh ow n  i n  F ig .  1 ,  w h i ch  i s  i n  op e r a t io n .  

     [ F i g .  9 ]  i s  a  s ec t i on a l  v i e w o f  a  c o o l in g  s ec t io n  o f  th e  

r e s i n  mo l d i ng  ap p a ra t us  sh ow n  i n  F ig .  1 ,  w h i ch  i s  i n  op e r a t io n .  

     [ F i g .  10 ]  i s  a  se c t io na l  v i e w  o f  a  p re s s  se c t i on  o f  t he  

r e s i n  mo l d i ng  ap p a ra t us  sh ow n  i n  F ig .  1 ,  w h i ch  i s  i n  op e r a t io n .  

     [ F i g .  11 ]  i s  a  s ec t i on a l  v i e w o f  th e  p re s s  s ec t i on ,  i n  

wh ic h  a  s t e p  o f  th e  p re s s  o pe ra t i on  f o l l ow in g  th e  s t ep  sh o wn in  

F i g .  1 0  i s  p e r f o r me d .  

     [ F i g .  12 ]  i s  a  sec t i o na l  v i e w o f  t he  p re s s  s ec t i on ,  i n  
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wh ic h  a  s t e p  o f  th e  p re s s  o pe ra t i on  f o l l ow in g  th e  s t ep  sh o wn in  

F i g .  11  i s  p e r f o r m ed .  

     [ F i g .  13 ]  i s  a  sec t i o na l  v i e w o f  t he  p re s s  s ec t i on ,  i n  

wh ic h  a  s t e p  o f  th e  p re s s  o pe ra t i on  f o l l ow in g  th e  s t ep  sh o wn in  

F i g .  1 2  i s  p e r f o r me d .  

     [ F i g .  14 ]  i s  a  sec t i o na l  v i e w o f  t he  p re s s  s ec t i on ,  i n  

wh ic h  a  s t e p  o f  th e  p re s s  o pe ra t i on  f o l l ow in g  th e  s t ep  sh o wn in  

F i g .  1 3  i s  p e r f o r me d .  

     [ F i g .  1 5 ]  i s  a  se c t i on a l  v i ew  o f  a  r e s in  su pp l y se c t io n  o f  

th e  r e s i n  mo ld in g  a pp a r a t u s  r e l a t i n g  t o  E mb od i me n t  2  o f  th e  

p r e s en t  in ve n t io n ,  w h i ch  i s  i n  o pe ra t i on .  

     [ F i g .  1 6 ]  i s  a  s ec t i on a l  v i ew in  wh ic h  a  s t e p  o f  th e  r e s in  

su pp l y  o p e r a t io n  f o l lo w in g  t he  s t ep  sh ow n  i n  F ig .  1 5  i s  

pe r f o r me d .  

     [ F i g .  1 7 ]  i s  a  s ec t i on a l  v i ew in  wh ic h  a  s t e p  o f  th e  r e s in  

su pp l y  o p e r a t io n  f o l lo w in g  t he  s t ep  sh ow n  i n  F ig .  1 6  i s  

pe r f o r me d .  

     [ F i g .  1 8 ]  i s  a  s ec t i on a l  v i ew in  wh ic h  a  s t e p  o f  th e  r e s in  

su pp l y  o p e r a t io n  f o l lo w in g  t h e  s t ep  sh ow n  i n  F ig .  1 7  i s  

pe r f o r me d .  

     [ F i g .  19 ]  i s  a  s i de  v i e w o f  o ne  o f  b l a d es  p ro v id ed  i n  a  

r e s i n  s u pp l y se c t i on  o f  t he  r e s i n  m ol d i ng  a pp a r a t us  r e l a t i ng  to  

E mbo di me n t  3  o f  th e  p r e s en t  in ve n t io n .  

     [ F i g .  20 ]  i s  a  s i de  v i ew  o f  a n t he r  b l a de  p ro v i de d  i n  th e  

r e s i n  s u pp l y se c t i on  o f  t he  r e s i n  m ol d i ng  a pp a r a t us  r e l a t i ng  to  

E mbo di me n t  3  o f  th e  p r e s en t  in ve n t io n .  

     [ F i g .  2 1 ]  i s  a  se c t io na l  v i e w  o f  a  p r eh ea t i ng  se c t io n  o f  

th e  r e s i n  mo ld in g  a pp a r a t u s  r e l a t i n g  t o  E mb od i me n t  4  o f  th e  

p r e s en t  in ve n t io n ,  w h i c h  i s  i n  o pe ra t i on .  
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     [Fig.  22] is  a sectional view of  a cooling section of the resin 

molding apparatus relating to Embodiment 4 of the present 

invention,  which is  in operation.  

     [Fig.  23] Figs.  23A-23F show modif ied examples of  the 

operation of the resin supply section.  

     [Fig.  24] Figs.  24A-24G show other examples of the 

workpiece.  

     [Fig.  25] shows another example of  a control  system of the 

resin supply section.  

     [Fig.  26] shows a modif ied example of the resin supply 

section.  

 

EMBODIMENTS OF THE INVENTION 

     I n  th e  f o l l ow in g  e mb o d i me n t s ,  t h e  a pp a r a t us  wi l l  be  

ex p l a i ne d  se pa ra t e l y  d iv i de d  i n t o  a  p lu ra l i t y  o f  s ec t i on s ,  e t c .  

a s  n ec es sa r y,  b u t  t he y a r e  b as i c a l l y  r e l a t e d  to  ea ch  o th e r  a n d  

ha ve  r e l a t i on sh ip s  t ha t ,  f o r  ex a mp l e ,  o ne  se c t i on  i s  a  mo d i f i e d  

ex a mpl e ,  a  de ta i l ,  e t c .  o f  a  w ho le  o r  a  pa r t  o f  a n o t he r  se c t io n .  

Th us ,  i n  a l l  o f  t he  d r aw in gs ,  s t r u c t u ra l  e l e me n t s  h av i ng  a  s a me  

f unc t i on  a re  a s s i gn ed  a  sa me  re f e re nc e  s ymb o l  a nd  r ep e t i t i v e  

ex p l an a t io n  wi l l  be  o mi t t ed .  A l l  s t ru c t u r a l  e l e me n t s  s ho wn  i n  

th e  e mbo d i men t s  a re  n o t  e s s en t i a l  e l e me n t s  in  t he  p re se n t  

in ve n t io n .  N u mbe rs  o f  th e  s t ru c t u r a l  e l e me n t s  ( i nc lu d in g  f ig u r e ,  

a mou n t ,  n u mer ic a l  va lu e ,  r an ge ,  e t c . )  a r e  n o t  l i mi t e d  ex ce p t  a s  

sp ec i f i e d  in  t h e  f o l lo wi ng  de sc r i p t io n  o r  c l e a r l y  s p ec i f i e d  in  

p r in c i p l e ,  a nd  t he y  a re  n o t  l i mi t ed  t o  s p ec i f i c  nu mb e r s  a n d  ma y 

be  g r ea t e r  o r  s ma l l e r  t ha n  t he  s pe c i f i c  n u mb er s .  Fu r th e r,  a s  to  

sh ap es  o f  th e  s t ru c t u r a l  e l e me n t s ,  t h e  sh a pe s  i nc lu de  

su bs ta n t i a l l y  s a me  sh ap es  a nd  s i mi l a r  s ha p es  ex ce p t  a s  
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sp ec i f i e d  i n  th e  f o l l o wi ng  de s c r ip t i on  o r  c l e a r l y  d i f f e r  i n  

p r in c i p l e .  

(E mb od i me n t  1 )  

     F i r s t l y,  a  s c he ma t i c  s t r u c t u r e  o f  a  r e s i n  mol d i ng  

ap pa ra tu s  1  wi l l  be  e xp la in ed  w i t h  r e f e r e nce  t o  F i g .  1 .  Th e  

r e s i n  mo ld in g  ap p a ra t us  1  ha s  a  wo r kp ie ce / r e s in  s up p l y  s ec t i o n  

A ,  a  w or k p i ece  a cc o mmo d a t in g  se c t i o n  B ,  mo ld in g  se c t io ns  C  

an d  a  p r e t r e a t in g  se c t io n  D .  In  th e  r e s in  mo l d i ng  ap pa ra t u s  1 ,  a  

p l u r a l i t y  o f  t he  mol d i ng  s ec t i on s  C  ( e . g . ,  t wo  mol d in g  se c t io ns  

sh ow n in  F ig .  1 )  an d  on e  p r e t r e a t i ng  se c t i on  D  a re  p l ac ed  

be tw ee n  t he  w o rk p i ec e / r e s i n  s u pp l y se c t io n  A an d  t he  

wo rk p i ec e  ac co m mo da t i ng  se c t io n  B .  In  t he  r e s in  mol d i ng  

ap pa ra tu s  1 ,  wo rk p i ec e s  W a re  c o nv e ye d ,  b y c o nv e yi n g  ha nd s  4  

an d  5  ( l oa de r  a nd  un lo ad e r )  w h i ch  a re  mo ve d  a lo ng  a  co nv e yi n g  

r a i l  2  co n ne c t i ng  s a i d  se c t io n s  t o  ea c h  o t he r ,  t o  t he  

wo rk p i ec e / r e s i n  s up p l y  s ec t i on  A ,  t he  p r e t r e a t in g  se c t io n  D ,  

th e  mol d i n g  s ec t io ns  C  a n d  t he  wo rk p i ec e  a cc o m mo da t i ng  

se c t io n  B  in  th i s  o r de r.  No te  th a t ,  t h e  p r e t r e a t i ng  se c t i o n  D  i s  

p r ov id ed  i n  t he  p re se n t  e mb od i me n t ;  i n  ca se  o f  p r ov id in g  no  

p r e t r e a t i n g  se c t io n ,  t he  mol d i n g  s ec t i on  C  ma y b e  p ro v i de d  

in s t ea d  o f  th e  p r e t r ea t i n g  s ec t i on  D .  N u mbe r  o f  th e  mol d in g  

se c t io ns  C  ma y b e  o p t io na l l y  i nc re a se d  o r  r e du ce d  ac co rd in g  t o  

p r oc es s i ng  p o we r s  o f  o th e r  s ec t i on s .   

     I n  ea ch  o f  th e  w or k p i ec es  W,  a n  e l e c t ro n ic  p a r t s  ( e .g . ,  

s e mi co nd uc t o r  c h ip s )  a r e  mo un te d  o n  a  r ec t a ng u l a r  s ub s t r a t e  

( e . g . ,  c i r cu i t  bo a rd ) .  B y r e s i n - mo l d i ng  th e  w or kp ie ce  W,  t he  

e l e c t r on ic  pa r t s  a r e  se a l ed  b y a  r e s in - s ea le d  p a r t .  T h e  r e s in  f o r  

f o r min g  t he  r e s i n - se a l ed  pa r t  i s  t h e r mo se t t in g  r e s in  ( e .g . ,  

ep ox y r e s i n ,  s i l i c on e  r e s in )  in c l ud i ng  p r es c r ib e d  c on te n t  r a t e s  
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of  r e s i n  co mp o s i t io ns  ( e .g . ,  f i l l e r  su ch  a s  s i l i c a  an d  a lu mi n a ,  

mo ld  r e l ea se  a g e n t ,  co lo r i ng  a g en t ) .  Th e  r e s i n  i s  g ra nu la r  o r  

po wd er  r e s in  ( he r e i na f t e r  r e f e r r ed  t o  a s  “ g r an u l a r  r e s in ” ) .  

     T he  wo rk p i ece / r e s i n  su p p l y s ec t i on  A in c l ud es :  a  s up p l y  

ma ga z i ne  6 ;  a  se t t i n g  p a r t  7 ;  a  s up p l y t a b l e  8 ;  a  th i c kn es s  

me as ur in g  se c t i o n  11 ;  an d  a  r e s i n  su pp l y s e c t io n  1 2 .  I n  th e  

wo rk p i ec e / r e s i n  su pp l y s e c t io n  A ,  t he  wo rk p i ec es  W a re  

co nv e ye d  to  th e  su pp l y ma g az in e  6 ,  t h e  s e t t i ng  p a r t  7 ,  t he  

su pp l y t ab le  8 ,  t h e  t h i ck ne ss  mea su r i ng  se c t io n  11  a n d  t he  r e s in  

su pp l y s ec t i o n  12  i n  th i s  o rd e r.  

     Co nc re te l y,  t h e  w or kp ie ce s  W s to re d  i n  t he  su pp l y 

ma ga z i ne  6  a r e  a r r a ng ed ,  i n  a  p re sc r i be d  d i r ec t i on ,  i n  t h e  

se t t in g  pa r t  7  b y a  c on ve yi n g  me ch an i s m no t  sh ow n,  an d  th en  

f u r t he r  c on ve ye d  f ro m th e  se t t in g  p a r t  7  to  th e  su pp l y  t ab le  8 .  

Th e  wo rk p ie ce s  W wh ic h  h av e  be en  p u t  o n  t he  s up p l y t a b l e  8  

a r e  c on ve ye d  t o  th e  t h i ck ne ss  me as ur in g  s ec t i on  11  b y t he  

co nv e yi n g  ha n d  4  ( t he  l oa de r )  w h i ch  i s  mo ve d  o n  th e  c on ve yi n g  

r a i l  2 .   

     T he  t h i ck ne ss  me as u r i ng  se c t io n  11  me as ur es  a  th i c kn es s  

o f  t he  wo rk p ie ce  W to  be  mo ld e d  s o  a s  to  ad ju s t  a  s up p l y  

a mou n t  o f  t he  g ra nu la r  r e s in  t o  b e  su pp l i ed  ( d r op pe d )  o n t o  th e  

wo rk p i ec e  W.  Th e  t h i ck ne ss  me a s ur in g  s ec t i on  11  in c l ud es :  a  

t a b l e  13  t o  w h i ch  th e  wo rk p i ec e  W i s  co nv e ye d  f r o m t he  s up p l y  

t a b l e  8 ;  a  co nv e yi ng  r a i l  1 4  be in g  e x t en de d  f r o m th e  r a i l  2  s i de  

to  t he  r e s in  s up p l y  s e c t io n  12  s id e ;  a nd  a  mea su r i ng  un i t  1 5 .   

     T he  me as u r i ng  u n i t  1 5  in c l ud es  a n  op t i ca l  d i s t an ce  

me as ur in g  un i t ,  e .g . ,  l a se r  d i s p l ac e me n t  me te r,  so  a s  to  de te c t  

de f e c t s  ( e . g . ,  l a c k )  o f  t he  w or kp ie ce s  W a nd  mea s u re  he ig h t s  

th e r eo f ,  t h i ck ne s se s  o f  t he  s ub s t r a t e s ,  e t c .  Ea c h  o f  t he  
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wo rk p i ec es  W i s  mo un te d  o n  t he  t a b l e  1 3  an d  mo ve d  a lo n g  th e  

co nv e yi n g  r a i l  1 4 ,  t he n  i t s  t h i c kn es s  i s  me as u r ed  b y  t he  

me as ur in g  u n i t  1 5  an d  f u r th e r  c o n ve ye d  to  a  p os i t i on  s h or t  o f  

t h e  r e s i n  s u pp l y se c t io n  1 2 .  Fo r  e xa mp le ,  t he  a mo un t  o f  th e  

r e s i n  t o  b e  su pp l i ed  ca n  b e  ad ju s t e d  b y t h e  r e s in  su p p l y s ec t i on  

12  a cc or d i ng  t o  n u mbe r  an d  th i c kn es se s  o f  t he  e l ec t ro n i c  pa r t s  

me as ur ed  b y t h e  me as ur in g  u n i t  15 .  

     T he  r e s in  s up p l y s e c t io n  ( d i s pe ns e r )  1 2  su pp l i e s  (d ro p s )  

th e  g ra nu la r  r e s i n  o n t o  th e  w or k p iec e s  W.  Th e  r e s in  su p p l y  

se c t io n  12  s up p l i e s  a  p r e s c r ib e d  a mo un t  o f  t he  g ra n u l a r  r e s i n ,  

wh ic h  h a s  b ee n  d e te r mi n ed  o n  t he  b as i s  o f  th e  da ta  m ea su re d  b y  

th e  th i c kn e ss  mea su r i ng  s ec t i o n  11 ,  t o  d ep o s i t  o n  t he  

wo rk p i ec es  W.  D e ta i l s  o f  t h e  r e s i n  su pp l y s e c t io n  12  w i l l  b e  

de sc r i be d  l a t e r.    

     T he  wo rk p i ece s  W o n  w hi c h  th e  g r an u l a r  r e s in  h as  b ee n  

de po s i t e d  b y t h e  w or k p i ec e / r e s i n  s u pp l y s ec t i o n  A a re  

co nv e ye d  t o  t he  p re t r ea t i ng  s ec t i on  D  b y t he  co nv e yi n g  

me ch an i s m,  n o t  s ho wn .  T he  p re t r ea t i ng  se c t io n  D  i nc lu de s :   a  

p r eh ea t i ng  se c t io n  1 6 ;  a  c o o l in g  s e c t i o n  1 7 ;  a nd  a  t a b l e  1 8 .  In  

th e  p re t r ea t i ng  s ec t i on  D ,  t he  w or kp ie ce s  W on  wh ic h  th e  

g r an u l a r  r e s i n  h as  be en  su pp l i e d  b y  th e  r e s in  su p p l y se c t io n  1 2  

a re  c on ve ye d  t o  t he  p r eh ea t i ng  se c t i on  16 ,  t he  c oo l i ng  se c t io n  

17  a nd  t he  t ab le  1 8  in  t h i s  o r de r.  

     T he  p r eh ea t in g  se c t i on  1 6  p re he a t s  th e  w or k p i e ce s  W a t  a  

t e mp er a t u r e  lo we r  th a n  a  mo ld in g  t e mp er a t u r e  o f  h ea t e r s  o f  th e  

mo ld in g  se c t io n s  C .  T he  p re he a t in g  s ec t i o n  1 6  i s  p r ov id ed  o n  

th e  co n ve yi n g  r o u t e  o f  th e  w or kp iec e s  W b e t we e n  t he  r e s i n  

su pp l y s e c t io n  1 2  an d  t he  mo ld in g  se c t io n  C .  D e t a i l s  o f  t he  

p r eh ea t i ng  s ec t i o n  16  wi l l  b e  d es c r i b ed  l a t e r.  T he  p re he a t ed  
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wo rk p i ec es  W a r e  c on ve ye d  to  t h e  c oo l i ng  s ec t i on  17  b y t he  

co nv e yi n g  me c ha n i s m,  no t  s ho wn .  

     T he  c o o l in g  se c t i on  1 7  co o l s  t he  w or kp ie ce s  W pr eh ea te d  

b y t he  p re he a t in g  se c t io n  1 6 .  T he  c oo l i ng  sec t i on  1 7  i s  

p r ov id ed  o n  t he  c on ve yi n g  r ou te  o f  th e  w or k p i ec es  W b e t we e n  

th e  p r eh ea t i ng  s ec t i on  1 6  an d  t he  mol d i ng  s ec t i on  C .  De ta i l s  o f  

t h e  c o o l in g  se c t io n  17  w i l l  be  d es c r i be d  l a t e r.  T he  w or kp ie ce s  

W w hi ch  ha ve  be e n  co o le d  a r e  c on v e ye d  t o  t he  t a b l e  18  b y t he  

co nv e yi n g  me c ha n i s m,  no t  s ho wn .  

Th e  w or kp ie ce s  W w hi ch  h av e  b ee n  p r e t r e a t ed  i n  t he  

p r e t r ea t i n g  se c t io n  D  a re  c on v e ye d ,  b y t h e  co n ve yi n g  ha nd  4 ,  

t o  o n e  o f  th e  mol d i ng  se c t io ns  C .  Ea ch  o f  t he  mo l d i ng  se c t io ns  

C  i nc l ud es  a  p r e s s  se c t io n  ( mol d in g  d i e  mec h an i s m)  2 1 .  In  e ac h  

o f  t h e  mo l d i ng  s ec t i on s  C ,  t he  co nv e yi n g  h an d s  4  an d  5  a r e  

ex te nd ed  f ro m t h e  co nv e yi n g  r a i l  2  s i de  to  i n s i de  o f  th e  p r e s s  

se c t io n  2 1  an d  r e t r ac t e d  t h r e r e f ro m.  T he  co nv e yi n g  h a nd  4  ( t he  

lo ad e r )  i s  u se d  t o  c on ve y  t he  wo r k p i ec es  W i n t o  th e  p re s s  

se c t io n  2 1 ,  a nd  th e  c on ve yi n g  h an d  5  ( th e  un lo ad e r )  i s  u s ed  t o  

co nv e y th e  wo rk p iec e s  W f r o m t he  in s i de  o f  t he  p r e s s  se c t io n  

21 .  

In  e ac h  o f  th e  p r e s s  se c t io n s  21 ,  t he  w or k p i ec es  W o n  

wh ic h  t he  g ra nu l a r  r e s in  h a s  be en  s up p l i e d  a re  c l a mp ed  b y a  

pa i r  o f  d i e s ,  an d  t he  g ra nu la r  r e s i n  a r e  th e r ma l l y  c u r ed  i n  a  

ca v i t y  f o r  r e s i n - s ea l i ng .  De ta i l s  o f  t h e  p r e s s  s ec t i on  21  w i l l  b e  

de sc r i be d  l a t e r.  

     T he  wo r kp i ece s  W wh ic h  h a ve  b ee n  r e s in - s ea le d  in  th e  

mo ld in g  s ec t i on s  C  a r e  c on v e ye d ,  b y  t h e  c o n v e yi n g  h an d  5 ,  t o  

th e  wo rk p i ec e  a cc o mmo d a t in g  s ec t i on  B .  T h e  wo rk p i ec e  

acc o mmo d a t i ng  s ec t i on  B  i nc lu d e s :  a  t h i ck ne ss  me as ur in g  
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se c t io n  2 2 ;  a nd  an  ac co m mo da t in g  mag az i ne  2 3 .  In  th e  

wo rk p i ec e  a cc o mmo d a t i ng  se c t i on  B ,  th e  w or kp ie ce s  W 

( mol de d  p r od uc t s )  a r e  c o nv e ye d  t o  t he  me a su r i ng  se c t io n  2 2  

an d  th e  ac co m mo da t i ng  mag az in e  2 3  in  t h i s  o r de r.  

     T he  t h i ck ne ss  me as ur in g  se c t io n  2 2  i nc lu d es :  a  t a b l e  2 4 ;  

a  co n ve yi n g  r a i l  25 ;  a nd  a  mea su r in g  u n i t  2 6 ,  a s  w e l l  a s  th e  

th i c kn es s  me a su r i ng  s ec t i on  11 ,  an d  me as ur e s  a  t h i c kn es se s  o f  

th e  mo l de d  wo r k p i ec e  W s o  a s  to  a d j us t  t he  a mo u n t  o f  t he  

g r an u l a r  r e s in  t o  be  s up p l i e d  (d ro p pe d)  o n t o  th e  w or kp ie ce  W.  

     N o te  t ha t ,  t he  r e s i n  s up p l y  s e c t i on  12  su pp l i e s  th e  

p r e s c r ib ed  a mou n t  o f  t he  g r an u l a r  r e s in ,  w h i ch  h as  be en  

de te r min ed  o n  th e  ba s i s  o f  t he  d a t a  mea su re d  b y t he  th i c kn es s  

me as ur in g  se c t io n  2 2  t oo ,  t o  de po s i t  i t  o n  t he  w or kp ie ce s  W.  

Fo r  ex a mp le ,  t h e  a mou n t  o f  t he  g r a nu la r  r e s i n  t o  be  d r op pe d  b y 

th e  w or kp ie ce / r e s in  su pp l y s e c t io n  A i s  i nc re as ed  o r  r e d uc ed ,  

acc o rd in g  t o  d i f f e ren ce  b e t we e n  th e  t h i ck ne ss  o f  t he  

r e s i n - se a l ed  pa r t  me as ur ed  b y t he  me as ur in g  un i t  2 6  a nd  t he  

p r ed e t e r mi ne d  th i ck ne ss ,  so  a s  to  p e r f o r m f ee db ac k  c on t r o l .  

     T he  wo rk p i ece s  W mo u n t ed  on  t he  t a b l e  2 4  a re  mov e d 

a l on g  th e  co nv e yi ng  r a i l  2 5 ,  t he i r  t h i ck ne ss e s  a re  me as ur ed  b y  

th e  me as ur in g  un i t  2 6 ,  a n d  t he y a r e  co nv e yed  t o  th e  

acc o mmo d a t i ng  ma ga z i ne  23  a n d  a cc o mmo d a t ed  t he re in .  A s  

de sc r i be d  ab ov e ,  t h e  r e s in - se a l ed  pa r t s  o f  th e  wo r kp ie ce s  W 

( mol de d  p r od uc t s )  a r e  f o r med  b y t h e  r e s i n  mo l d i ng  a p pa ra tu s  1 .  

     N e x t ,  t h e  r e s in  s u pp l y s ec t i on  1 2  ( d i sp en s e r )  w i l l  be  

ex p l a i ne d  in  d e t a i l  w i th  r e f e re n c e  t o  F ig s .  2 -7 .  Th e  r e s i n  

su pp l y se c t io n  1 2  p e r f o r ms  a  f i r s t  su pp l y s t e p ,  i n  wh ic h  

g r an u l a r  r e s in  2 7  i s  f l a t l y  d e po s i t e d  o n  th e  w or kp ie ce  W,  an d  a  

se co nd  su p p l y s t e p ,  i n  wh ic h  g r an u la r  r e s in  27  i s  d e po s i t e d  o n  
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t h e  wo rk p i ec e  W as  d o t .  B y p e r f o r min g  th e  f i r s t  s up p l y s t ep  

an d  t he  sec o nd  su pp l y s t ep ,  t he  r e s in  su p p l y  s ec t i on  12  

su pp l i e s  t he  p r e sc r i be d  a mo u n t  o f  g r an u l a r  r e s i n  2 7  f o r  

r e s i n - mo ld in g  o ne  w or kp ie ce  W.  Ea ch  o f  th e  wo r k p i e ce s  W h as  

a  p l a na r  sq ua re - s ha pe d  ( r e c t an g u l a r )  su b s t r a t e  28  o n  w h ic h  a  

p l u r a l i t y  o f  e l ec t ro n i c  p a r t s  2 9  a r e  ma t r i ca l l y  mo u n t ed .  N o te  

th a t ,  a  s t r u c t u r e  f o r  r e s i n - mo ld in g  a  ca r r i e r  ( wo r kp ie ce  W) ,  o n  

wh ic h  a  p lu ra l i t y  o f  e l ec t r on ic  p a r t s  29  a r e  ma t r i c a l l y  f ix ed ,  

ma y b e  e mp l o ye d .  

     Fu r t he r,  t h e  r e s in  s up p l y s ec t i on  1 2  i nc lu d es  a  r e s i n  

d r op p i ng  pa r t  3 2  ( e . g . ,  t ro ug h)  f o r  d r op p i ng  g r an u l a r  r e s in  27  

on to  th e  w or k p i ec e  W f r o m an  en d  pa r t .  I n  ca s e  t ha t  t h e  r e s in  

d r op p i ng  p a r t  3 2  i s  t he  t ro ug h ,  t he  g ra nu la r  r e s i n  2 7  su pp l i ed  

f ro m a  ho pp er  i s  r ece i ve d  b y t h e  t r o ug h ,  t he  t r ou gh  i s  v ib ra t e d ,  

b y a n  e l e c t ro ma g ne t i c  f e ed e r,  so  a s  to  se nd  th e  g ra nu la r  r e s i n  

27  f o rw ar d ,  a nd  t he n  t he  g r a nu la r  r e s in  27  i s  d ro pp e d  o n t o  th e  

wo rk p i ec e  W f r o m th e  en d  pa r t  o f  t h e  t r ou gh .  

     Fu r t he r,  t h e  r e s i n  su pp l y s ec t i on  1 2  in c l ud es :  an  X -Y 

d r iv en  s t ag e  31  ( wo rk p i ec e  mo un t i ng  pa r t )  be in g  mo ve d  i n  X -  

an d  Y-d i r ec t i on s  in  a  s t a t e  wh er e  th e  w or kp ie ce  W i s  f ix ed  

th e r eo n ;  a nd  a n  X - Y d r iv in g  mec ha n i s m 33  ( sca n n i ng  

me ch an i s m)  f o r  mov in g  th e  s t a ge  3 1  in  t he  X -  a nd  Y-d i r e c t i on s .  

In  t he  X -Y d r i v i ng  mec ha n i s m 33 ,  a  s l id e r  3 5  i s  s l i d ,  i n  th e  

X- d i r e c t io n ,  o n  a n  X - ax i s  r a i l  3 4 ,  an d  a  s l id e r  36  i s  s l id ,  i n  t he  

Y- d i r e c t io n ,  o n  th e  s l i de r  35  w hi ch  ac t s  a s  a  Y-a x i s  r a i l ,  b y a  

d r iv in g  un i t  n o t  s ho wn .  No te  t ha t ,  i n  t he  r e s i n  su p p l y  s ec t i o n  

12 ,  t h e  s t ag e  3 1  c an  b e  mo ve d  i n  t he  X -  an d  Y-d i r ec t i on s ,  b u t  

t h e  r e s i n  d r op p i n g  pa r t  3 2  i s  f ix ed .  

     T he  r e s in  s up p l y s e c t io n  12  ha s  a n  an t i sc a t t e r in g  f r a me  
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37 ,  wh ic h  h as  a n  op en in g  p a r t  3 7a  a nd  w h ic h  p r ev en t s  t he  

g r an u l a r  r e s i n  2 7  f ro m s c a t t e r i ng  wh en  th e  r e s in  i s  d r op pe d  

on to  th e  wo rk p i ec e  W f r o m t he  en d  pa r t  o f  t he  r e s i n  d r op p i n g  

pa r t  3 2 .  Th e  a n t i sc a t t e r i ng  f r a me  37  f ac es  th e  s t a g e  31  an d  

mo ve d  in  t he  X -  an d  Y- d i r e c t io ns  to ge th e r  w i t h  th e  s t a ge  3 1 .  

Th e  g r an u l a r  r e s i n  27  i s  d ro pp ed  in  t he  a n t i s ca t t e r in g  f r a me  3 7 ,  

i . e . ,  i n  t he  o pe n i ng  p a r t  37  ( s ee  F i gs .  2  a nd  5 ) .  E ve n  i f  t he  

g r an u l a r  r e s in  2 7  i s  d ro p pe d  on to  th e  w or kp ie ce  W f r o m t he  

r e s i n  d ro p p i ng  pa r t  32 ,  s ca t t e r i ng  t he  g r an u l a r  r e s in  27  ca n  be  

p r ev en te d  b y i n ne r  wa l l s  o f  t he  o pe n i ng  p a r t  3 7a  o f  th e  

an t i sc a t t e r i ng  f r a me  3 7 .  

     I n  t he  r e s in  su pp l y se c t io n  12  ha v i ng  th e  a bo v e  de sc r i be d  

s t ru c t u r e ,  a  l a rge  pa r t  o f  t o t a l  s up p l y  a mo un t  o f  t h e  g r a nu la r  

r e s i n  2 7  ( e .g . ,  9 0% o r  mor e )  i s  f i r s t l y  d r o pp ed  a s  th e  f i r s t  

su pp l y s t ep .  I n  t h e  f i r s t  s u pp l y s t e p ,  t h e  s t a ge  3 1  i s  mo ve d ,  in  

th e  X -  an d  Y- d i r ec t i o ns ,  i n  th e  ho r i zo n ta l  s u r f a ce  o f  t he  

wo rk p i ec e  W ( s ee  F i g .  3 )  w i th  d r o pp in g  t he  g r an u l a r  r e s i n  27  

f ro m th e  e nd  pa r t  o f  t h e  r e s in  d r op p i ng  pa r t  32  ( s ee  F i g .  2 )  so  

a s  to  p e r f o r m t he  wr i t in g  me th od  a n d  f o r m a  ba se  r e s i n  p a r t  27 a  

on  th e  w or k p i ec e  W ( se e  F i g .  4 ) .  N a mel y,  t h e  g ra nu l a r  r e s i n  2 7  

i s  e ve n l y s p re ad  i n  a  p r e s c r ib ed  a re a  o f  t he  w or kp ie c e  W.  

An  e xa mp l e  o f  d ro pp in g  t he  g ra n u l a r  r e s in  27  b y  t he  

r e s i n  d r op p in g  pa r t  3 2  w i l l  be  ex p la i n ed .  T h e  r e s in  d ro pp i ng  

pa r t  32  i s  mo v ed ,  in  th e  r ec t a ng u l a r  o pe n i ng  pa r t  3 7 a ,  f r o m a  

co rn e r  A to  a  co r ne r  B  a lo ng  a n  e dg e  o f  th e  o pe n in g  p a r t  37 a  

(X -d i r ec t i on )  a s  s ho wn  b y a n  a r ro w o f  F i g .  3 .  Ne x t ,  t he  r e s in  

d r op p i ng  pa r t  3 2  i s  mov ed  a  p r e sc r i be d  d i s t a nc e  f ro m t he  

co rn e r  B  to wa rd  a  c o r ne r  C  a lo ng  an  ed ge  o f  t he  o p en in g  p a r t  

37 a  ( Y- d i r ec t i on ) ,  a nd  t he n  mo ve d  i n  th e  X - d i r e c t i on  u n t i l  
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r ea c h i ng  a  s i de  A D.  Ne x t ,  t h e  r e s in  d ro p p i ng  pa r t  3 2  i s  mo ve d  a  

p r e s c r ib ed  d i s t an ce  to wa rd  a  c o r n e r  D  a lo ng  an  e d ge  o f  th e  

op en in g  p a r t  37 a  ( Y- d i r e c t io n ) ,  an d  th en  mo v ed  in  t he  

X- d i r e c t io n  u n t i l  r ea c h i ng  a  s i de  B C.  B y r ep ea t i ng  t he  a bo ve  

de sc r i be d  ac t i on s ,  t he  g ra nu la r  r e s i n  27  c an  b e  w ho l l y  s u pp l i ed .  

Na me l y,  t h e  r e s i n  d r op p i ng  p a r t  32  d ro ps  a nd  s u pp l i e s  t he  

g r an u l a r  r e s i n  2 7 ,  on to  th e  w or k p i e ce  W,  f r o m th e  c o rn e r  A t o  

th e  d i a go n a l  co rn e r  C  l i ke  t r av e r s ab le  wr i t in g  b y t he  wr i t in g  

me th od .   

Th e  r e s in  d r op p i n g  p a r t  3 2  d ro ps  a  p r e s c r ib ed  a mou n t  o f  

th e  g r an u l a r  r e s i n  2 7  o n t o  th e  w or k p i ec e  W p e r  u n i t  t i me ,  an d  

th e  s t ag e  31  o n  w hi ch  t he  w or k p i ec e  W i s  mo un te d  i s  mov ed ,  a  

p r e s c r ib ed  d i s t an ce ,  i n  th e  X -  an d  Y-d i r ec t i o ns  p e r  un i t  t i me ,  

so  th a t  t he  g ra nu la r  r e s in  2 7  c an  be  ev en l y d ep os i t ed  on  t he  

su r f ac e  o f  th e  w or kp ie ce  W.  No t e  t ha t ,  a  t h i ck ne ss  o f  t he  

g r an u l a r  r e s i n  2 7  l a ye r  c an  be  co n t r o l l e d  b y a d j u s t in g  a  mov in g  

sp ee d  o f  t he  s t a ge  3 1 .   

     I n  t he  p r e se n t  e mbo d i me n t ,  t h e  a n t i s ca t t e r in g  f r a me  3 7  i s  

p r ov id ed  a s  s ho w n i n  F i g .  2 ,  s o  t h e  o u t e r mo s t  e l e c t ro n i c  p a r t s  

29  o f  th e  e l ec t r on ic  pa r t s  2 9  ma t r i c a l l y  mo u n t e d  o n  t he  

su bs t r a t e  28  a re  pa r t i a l l y  c o ve re d  wi th  t he  g ra nu la r  r e s i n  2 7 ,  

t h e  e l ec t r on ic  p a r t s  29  l oc a t ed  i n  t he  i nn e r  p a r t  a r e  e n t i r e l y  

co ve re d  wi th  t he  g r an u l a r  r e s i n  27  ( t he  b as e  r e s i n  pa r t  27 a ) .  

Na me l y,  t h e  o u t e r  pa r t  o f  a  mo un t i ng  a r ea ,  i n  wh ic h  t h e  

e l e c t r on ic  p a r t s  29  a re  mo u n t ed ,  i s  n o t  c o v e re d  w i t h  th e  

g r an u l a r  r e s i n  27 .  B y s u pp l yi n g  n o  g ra nu la r  r e s i n  27  to  t he  

ou t s id e  o f  t h e  o u t e r mo s t  e l e c t ro n ic  p a r t s  2 9 ,  sp re ad in g  th e  

g r an u l a r  r e s in  2 7  i s  l i mi t e d  t o  th e  o u t e r mo s t  e l ec t r on ic  p a r t s ,  

so  t ha t  f a l l i n g  th e  g ra nu la r  r e s i n  27  w hi l e  c on ve yi n g  an d  b i t i ng  
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t h e  g ra nu la r  r e s i n  2 7  wi th  th e  d i e s  w h i l e  mo l d i n g  c an  be  

p r ev en te d .  No te  t ha t ,  t he  op en in g  p a r t  37 a  o f  th e  a n t i sc a t t e r i ng  

f r a me  3 7  ha s  an  op t i mu m p la na r  sh ap e ,  s o  th a t  n o  g ra nu la r  

r e s i n  27  s p r ea ds  t o  th e  ou te r  pa r t  o f  t he  a re a  an d  n o  g ra nu la r  

r e s i n  27  c ov e r s  th e  sa me .  

     I n  th e  r e s i n  s up p l y s e c t io n  1 2 ,  t he  s ec on d  su p p l y a mo u n t  

o f  t he  g ra nu la r  r e s i n  27 ,  wh ic h  i s  ob ta in ed  b y s u b t r ac t i ng  t he  

f i r s t  s up p l y a mo u n t  f r o m th e  t o t a l  s up p l y a mo u n t ,  ( e . g . ,  1 0% or  

l e s s )  i s  d r op pe d  a s  th e  se c on d  su p p l y  s t ep .  I n  th e  se co nd  s up p l y  

s t ep ,  t he  s t a ge  31  i s  n o t  mo v ed ,  th e  g ra nu la r  r e s i n  2 7  i s  

d r op pe d  o n t o  a  c en te r  pa r t  o f  t h e  wo rk p i ec e  W f ro m th e  en d  

pa r t  o f  t h e  r e s in  d r op p i ng  pa r t  3 2  ( s ee  F i gs .  5  an d  6 )  so  a s  to  

f o r m a  c on ve x  r e s in  p a r t  27 b  ( s ee  F ig .  7 ) .   

     A s  de sc r i b ed  ab ov e ,  t h e  r e s in  d r op p i n g  p a r t  3 2  i s  

r e l a t i ve l y mo v ed ,  b y t h e  X - Y d r i v i ng  mec ha n i s m 33  ( s ca nn in g  

me ch an i s m) ,  t o  sc an  t he  s t a ge  3 1  ( w or kp ie ce  mou n t i n g  pa r t )  so  

a s  t o  c on t i nu ou s l y d r o p  th e  g r an u l a r  r e s in  27  o n t o  t he  

wo rk p i ec e  W f ro m t he  r e s in  d r o p p i ng  p a r t  3 2  a s  t he  wr i t in g  

me th od ,  so  t h a t  t he  b as e  r e s i n  pa r t  2 7a  i s  f o r med .  F ur th e r,  t he  

co nv ex  r e s i n  pa r t  27 b  wh os e  h e i gh t  i s  h ig he r  t h an  t ha t  o f  t he  

ba se  r e s i n  pa r t  2 7a  i s  f o r me d ,  in  th e  ce n t e r  pa r t  o f  t h e  b as e  

r e s i n  pa r t  2 7a ,  b y  s up p l yi n g  t h e  r e s in .    

     B y th e  a bo v e  d es c r ib ed  s t ru c t u r e ,  t h e  p re sc r i be d  a mo un t  

o f  g r a nu la r  r e s in  27  ca n  be  c o r re c t l y  a n d  e as i l y  s u p p l i e d  t o  th e  

p r e s c r ib ed  p a r t  o f  t he  h o r i z o n t a l  s u r f ace  o f  t he  wo rk p i ec e  W.  I t  

i s  d i f f i c u l t  t o  p re c i se l y  c o n t ro l  t he  s u pp l y a mo u n t  o f  t he  r e s i n  

f o r  e ve n l y f o r min g  t he  b as e  r e s in  p a r t  2 7a  o n  t he  e n t i r e  s u r f a ce ,  

bu t  t he  ba se  r e s i n  p a r t  2 7a  ca n  b e  f o r me d  b y  s up p l yi n g  th e  

r e s i n  wi t h  a  p re sc r i be d  ac cu ra c y a n d  th e  r e s t  r e s i n  c ab  c an  be  
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su pp l i ed  to  t he  c en te r  pa r t ,  s o  th a t  t h e  s up p l y  a mo un t  o f  th e  

r e s i n  ca n  be  e a s i l y  c o n t ro l l ed  an d  t he  t o t a l  s u pp l y a mo un t  ca n  

be  p re c i se l y  c on t r o l l e d .  

     N e x t ,  t h e  p r eh ea t i ng  s ec t i o n  16  wi l l  b e  e x p l a i ne d  in  

de ta i l  w i t h  r e f e r en ce  t o  F ig .  8 .  Th e  p r e hea t i n g  s ec t i on  1 6  

in c l ud es :  a  t a b l e  38  on  w hi ch  th e  w or kp ie ce  W c a n  b e  mo un te d ;  

a  h ea te r  3 9 ;  a nd  a  h ou s i n g  w hi c h  acc o mmo d a te s  t h e  t ab le  3 8  

an d  th e  he a t e r  3 9  so  a s  to  i nc rea s e  he a t  e f f i c i en c y a n d  p r ev en t  

he a t  l o s s  t o  th e  e nv i r on me nt .  T he  he a t e r  39  i s ,  f o r  e xa mp le ,  a n  

in f r a re d  he a t e r.  To  i nc re as e  h ea t  e f f i c i e nc y,  t h e  t ab le  38  ma y 

ha ve  a  b u i l t - in  h e a te r  s o  a s  to  h ea t  f ro m t he  t ab le  3 8  s i de .  I n  

th i s  ca se ,  t he  t a b l e  3 8  ma y h av e  a  bu i l t - in  su ck in g  me ch an i s m  

so  a s  to  e as i l y  c o nd uc t  he a t  f ro m t he  t ab le  3 8 .   

     I n  th e  p r eh e a t i n g  se c t io n  16 ,  t h e  wo rk p i ec e  W,  on  w hi ch  

th e  b as e  r e s i n  pa r t  2 7a  a nd  t he  c on v ex  r e s i n  pa r t  2 7b  ha ve  be e n  

f o r med ,  i s  mo u n t ed  o n  t he  t ab le  3 8 ,  a nd  th e  wo rk p iec e  W i s  

p r eh ea te d ,  b y t h e  h ea t e r  3 9 ,  a t  t he  t e mp e ra tu re  l ow e r  t ha n  t he  

mo ld in g  t e mpe ra t u r e .  B y p re he a t in g ,  t he  g r an u l a r  r e s in  2 7  i s  

me l t ed  an d  r e s i n  g ra in s  o f  t he  r e s i n  i n  th e  s u r f a ce  a re  

co nn ec te d  t o  e a ch  o t he r,  so  th a t  s ca t t e r in g  g ra i ns  o f  th e  

g r an u l a r  r e s in  2 7  c an  b e  p r ev en te d .  B y me l t i ng  t h e  g r an u l a r  

r e s i n  27 ,  de n s i t y  o f  t he  g ra in s  i s  i nc re as ed  a nd  t h i c kn es se s  o f  

th e  b as e  r e s in  p a r t  2 7a  a n d  t he  co nv ex  r e s i n  p a r t  2 7b  a r e  

r e du ce d ,  s o  th a t  t he y c a n  be  e as i l y  he a t ed .  

     N e x t ,  t h e  c oo l i ng  se c t io n  1 7  wi l l  b e  e xp la i ne d  i n  de ta i l  

w i th  r e f e re nc e  to  F i g .  9 .  Th e  co o l in g  sec t i o n  17  in c l ud es :  a  

t a b l e  41  o n  wh ic h  t h e  wo rk p i ec e  W ca n  be  mo u n t ed ;  a n  a i r  

b l ow er  42 ;  a n d  a  ho us in g  wh ic h  a c co mmo d a te s  t he  t ab le  41  an d  

th e  a i r  b l ow er  4 2  s o  a s  t o  i nc re as e  c oo l i ng  e f f i c i e nc y.  To  
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i n c r ea se  t he  c oo l i ng  e f f i c i e nc y,  t h e  t a b l e  41  ma y h a ve  a  

bu i l t - in  c oo le r  s o  a s  t o  co o l  f ro m t h e  t a b l e  41  s id e .  I n  t h i s  ca se ,  

t h e  t a b l e  41  ma y  h av e  a  b u i l t - i n  s uc k i ng  m e ch an i s m so  a s  t o  

ea s i l y  co n du c t  h ea t  f ro m th e  t a b le  41 .  Fu r t he r,  i n  c as e  o f  

na tu ra l l y  c oo l i n g  th e  w or kp ie ce  W pr eh ea te d  b y t he  p r eh ea t i ng  

se c t io n  16 ,  t he  w o rk p i ec e  W ma y b e  d i r ec t l y  c o n ve ye d  f r o m th e  

p r eh ea t i ng  s ec t i o n  16  t o  th e  t a b l e  18  ( se e  F i g .  1 ) .  

     B y t he  c o o l i ng  s ec t i on  17 ,  ev e n  i f  t he  g r an u l a r  r e s in  2 7  i s  

he a t ed  b y t h e  p re he a t in g  se c t io n  1 6 ,  h an d l in g  a b i l i t y  a nd  

mo ld ab i l i t y  i n  t he  p re s s  s ec t i o ns  c an  b e  i mp r ov ed  a nd  

sh or t e n i ng  a  g e l  t i me  un t i l  mo l d i ng  ca n  b e  r e s t r a in ed .  Na me l y,  

f lu i d i t y  o f  th e  r e s in  c an  b e  en su re d  wh i l e  mo l d i ng .  

     Fu r t he r,  i n  ca se  t ha t  t he  g r a nu la r  r e s in  27  i s  he a t ed  b y 

th e  p r eh ea t i ng  s e c t i o n  16 ,  i n f l ue n ce  o f  t i me  l a g  c au se d  b y 

co nv e yi n g  t he  wo rk p i ec e  W f ro m t he  p re t r ea t i ng  se c t i o n  D  t o  

an y o n e  o f  th e  p r e s s  s ec t i o ns  2 1  ( mo ld in g  se c t io ns  C)  ca n  be  

r e s t r a i n ed .  N a mel y,  i n  ea ch  o f  t he  p r e s s  s ec t i on s  21 ,  t h e  r e s in  

su pp l i ed  t o  th e  w or kp ie ce s  W ca n  be  e ve n l y c u re d .   

     N e x t ,  t he  p re s s  se c t io n  21  wi l l  be  e xp la in ed  in  d e t a i l  

w i th  r e f e r en ce  to  F i gs .  1 0 - 14 .  T he  p re s s  s ec t i on  21  i n c l ud es  t he  

pa i r  o f  d i e s  ( mol d i ng  d i e  mec h an i s m) ,  w h i c h  c l a mp s  t he  

wo rk p i ec e  W on  wh ic h  th e  g ra n u l a r  r e s i n  ha s  be en  su p p l i e d ,  

an d  th e r ma l - cu re s  t he  g ra nu la r  r e s i n  27  i n  a  ca v i t y  r ece s s  (o r  

me re  “c av i t y” )  45  to  f o r m a  r e s i n - s ea l e d  p a r t  2 7 c  ( se e  F ig .  14 ) .  

Th e  pa i r  o f  d i e s  a re  an  u pp e r  d i e  4 3  a n d  a  l ow er  d i e  4 4 ,  w h i ch  

f ace  e ac h  o th e r  a nd  ha ve  bu i l t - in  h ea t e r s  ( n o t  sh ow n ) ,  a n d  t he  

d i e s  a r e  r e l a t i v e l y  mo ve d  c lo se  to  a nd  aw a y f r o m ea c h  o th e r  b y 

a  kn ow n  v e r t i ca l  d r iv in g  me c ha n i s m (e .g . ,  t o gg le  mec ha n i s m) .  

In  t he  p r e s en t  e m bo d i me n t ,  t he  up p e r  d i e  43  i s  a  f ix e d  d i e ,  and 
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t h e  lo we r  d i e  44  i s  a  mo va b l e  d i e .  

     T he  up pe r  d i e  4 3  i nc lu de s :  a  ca v i t y  b lo c k  46  b e i ng  f ix ed  

to  a n  up pe r  b as e  (n o t  s ho w n) ;  an d  an  u pp e r  c l a mpe r  47  

en c l os in g  t he  c av i t y  b l oc k  4 6  a nd  be in g  a t t a ch e d  to  t he  up pe r  

ba se  wi th ,  f o r  e xa mp le ,  s p r i ng s .  T h e  c av i t y  b l oc k  4 6  i s  a  b l oc k  

ha v i ng  a  p l a n a r  s ha pe  ( e . g . ,  sq ua re  s ha pe )  co r r e s p on d i ng  t o  th e  

sh ap e  o f  th e  r e s i n - se a l ed  p a r t  27 c  t o  be  f o r m ed  on  t he  

wo rk p i ec e  W.  Th e  u p pe r  c l a mp er  47  i s  a  ho l l o w  b lo ck  h a v i ng  a  

th ro ug h - ho le  f o r  en c l os in g  th e  ca v i t y  b l oc k  46 .  No t e  t ha t ,  a i r  

ve n t s  no t  sh ow n a re  f o r me d  in  a  c l a mp in g  f a ce  4 3a  o f  th e  u pp e r  

c l a mp e r  47 .  

     I n  t h e  u pp e r  d i e  4 3 ,  a  b o t t o m f ace  o f  th e  c av i t y  r ec e ss  45  

i s  co ns t i t u t ed  b y a  f l a t  f ac e  (b o t to m f ac e )  o f  t he  c a v i t y  b l oc k  

46 ,  a n d  s i de  f a ce s  o f  th e  ca v i t y  r e ce ss  4 5  a re  c on s t i t u t ed  b y  

in ne r  f ac e s  o f  t he  t h r ou gh -h o l e  o f  t he  u pp e r  c l a mp er  4 7 .  

Na me l y,  t he  c av i t y  r e ce ss  ( c av i t y)  45  i s  f o r me d  i n  t h e  up pe r  d i e  

43 .  No te  t ha t ,  t h e  c l a mp i ng  f a ce  43 a  o f  th e  up pe r  d i e  43  i s  

co ve re d  wi th  a  r e l ea se  f i l m  48 .  

     T he  l o wer  d i e  4 4  in c l u de s  a  lo w er  c l a mp er  5 1 ,  w h i ch  i s  

f ixe d  to  a  lo w er  ba se  ( no t  sh ow n) .  T he  l ow er  c l a mp er  5 1  i s  a  

b l oc k  ha v in g  a  f l a t  f a ce  o n  w hi c h  th e  w or kp ie ce  W ca n  b e  

mo un te d .    

     Su ck in g  h o l e s  5 2  f o r  s uc k in g  t he  mo un te d  w or kp ie ce  W 

a re  f o r me d  in  t he  lo we r  c l a mpe r  5 1 .  Th e  su ck in g  h o l e s  52  a re  

co mmu n i ca te d  w i t h ,  f o r  e xa mp l e ,  a  s uc k i ng  me ch an i s m  

in c l ud in g  a  c o mp re ss o r.  Wh en  th e  wo rk p i ec e  W i s  m ou n t ed  o n  

th e  lo w er  d i e  44 ,  t he  su ck i ng  me c ha n i s m su ck s  t he  wo rk p i ec e  

W,  so  th a t  he a t in g  e f f i c i en c y f r o m t he  l o we r  d i e  44  ca n  b e  

i mpr ov ed .    
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     F u r th e r,  a  de co mp re ss io n  h o l e  53 ,  wh ic h  i s  u se d  to  r ed uc e  

in ne r  p re s s u r e  o f  th e  c av i t y  4 5  w he n  t he  c l a mp in g  ac t i on  i s  

pe r f o r me d ,  i s  f o r me d  i n  t he  lo we r  c l a mp er  51 .  T he  

de co mp re ss i on  h o le  5 3  i s  c o mmu n i ca t e d  w i t h ,  f o r  e xa mp le ,  a  

de co mp re ss i on  me ch an i s m in c l u d i ng  a  v ac uu m p u mp.  S i nc e  th e  

r e s i n  f l ow s  in  th e  d ec o mpr es se d  c a v i t y  4 5 ,  i nv o lv in g  a i r  i n  th e  

r e s i n - se a l ed  p a r t  ca n  be  p r e ve n t ed  wh i l e  mo ld in g .  N o t e  t h a t ,  a  

s e a l in g  me mb er  54  ( e . g . ,  O - r in g ) ,  w h ic h  i s  u s e d  to  f o r m a  

c l os ed  s pa ce  ( a i r t i g h t  s pa ce ) ,  i s  p r o v i de d  to  a n  ou te r  pa r t  o f  t h e  

lo we r  c l a mpe r  5 1  ( a  pa r t  c ap a b l e  o f  co n ta c t in g  th e  up pe r  

c l a mp e r  47 ) .  

     N e x t ,  a c t io ns  o f  t he  p r e s s  s e c t i o n  1 2  wi l l  be  e xp la in ed  in  

de ta i l .  As  s ho wn i n  F ig .  10 ,  t h e  w or kp ie ce  W i s  su p p l i e d  t o  t h e  

op en ed  d ie s .  I n  t h i s  s t a t e ,  no  r e s i n - se a l ed  p a r t  i s  f o r me d  on  t h e  

wo rk p i ec e  W.  T h e  w or k p i ec e  W i s  co nv e ye d ,  b y t he  lo ad e r  4 ,  

f ro m t he  t a b l e  18  o f  t he  p re t r ea t i n g  s ec t i o n  D  t o  in s id e  o f  th e  

pa i r  o f  d i e s ,  an d  t he n  su ck ed  t h r o u gh  t he  s uc k i ng  ho le s  52  a nd  

mo un te d  o n  th e  lo we r  d i e  44   

     T he  s u r f ac e  o f  t he  w or kp ie ce  W ( su bs t r a t e  2 8 ) ,  o n  wh ic h  

th e  e l ec t r on ic  p a r t s  2 9  a r e  mo u n t ed  a nd  t he  g r an u l a r  r e s i n  27  i s  

su pp l i ed ,  f ac es  t he  u p pe r  d i e  4 3 ,  a nd  th e  o pp os i t e  su r f ac e  

co n t ac t s  a  c l a mp i ng  f ac e  44 a  o f  t h e  lo we r  d i e  44 ,  n a mel y t h e  

wo rk p i ec e  i s  mo u n t ed  o n  t he  lo we r  d i e  44 .  T he  w o rk p iec e  W i s  

mo un te d  o n  t he  l ow er  d i e  4 4  i n  a  s t a t e  w he re  t he  s u pp l i ed  

g r an u l a r  r e s in  2 7  co r r e s p on ds  t o  t he  ca v i t y  r ec es s  45  o f  t he  

up pe r  d i e  43 .  

     A s  sh ow n i n  F ig .  1 0 ,  t he  r e l ea se  f i l m 48  i s  s uc ke d  a nd  

he ld  on  t he  c l a mpi ng  f ac e  4 3a  o f  t he  up pe r  d i e  4 3 .  I n  t he  

d r aw in g ,  t h e  c av i t y  b l oc k  4 6 ,  w h i c h  c on s t i t u t e s  t he  bo t t o m of 
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t h e  ca v i t y  r ec es s  45 ,  i s  l oc a t e d  a t  a  s t a nd b y p o s i t i on ,  a t  wh ic h  

th e  b o t to m of  t he  c av i t y  i s  r e l a t iv e l y s e p a r a t ed  aw a y f r o m a  

po s i t i on  f o r  c u r in g  t he  r e s in  ( a  mo l d i ng  p os i t io n ) .  A s  sh o wn  i n  

F i g .  10 ,  t he  r e l ea s e  f i l m  4 8  ha s  b ee n  s uc k ed  on  th e  u p pe r  d i e  4 3  

a l on g  a  su r f ac e  c onf i gu ra t i on  o f  th e  c a v i t y  r ec es s  45 .  

     N e x t ,  a s  sh ow n i n  F i g s .  11  a nd  1 2 ,  t h e  u pp e r  d i e  43  an d  

th e  l ow er  d i e  4 4  a re  mo v ed  c l os e  to  ea ch  o t he r  a f t e r  t h e  

co nv e yi n g  ha nd  4  i s  mo v ed  aw a y f r o m t he  p a i r  o f  d i e s .  Th e  p a i r  

o f  d i e s  ha ve  be e n  he a t ed ,  b y t h e  h ea te r s  n o t  s h o wn ,  un t i l  

r ea c h i ng  a  me l t i ng  po in t  o f  th e  g r an u l a r  r e s i n  2 7  ( mo l d i ng  

t e mp er a t u r e ) .  Th us ,  t h e  up pe r  d i e  4 3  i s  b r o ug h t  i n to  c on ta c t  

w i th  t he  co nv e x  r e s in  pa r t  2 7b  f o r me d  on  th e  wo rk p iec e  W so  

a s  to  me l t  t he  g ra nu la r  r e s in  2 7  o f  th e  c on ve x  r e s i n  pa r t  27 b .  

No te  t ha t ,  w h en  t he  s ea l i ng  me mb er  5 4  p r o v i de d  to  t he  

c l a mp i ng  f a c e  44 a  o f  t he  lo we r  d i e  4 4  b eg in s  t o  c on ta c t  t h e  

c l a mp i ng  f a ce  4 3 a  o f  th e  u pp e r  d i e  4 3  t h r ou g h  th e  r e l ea s e  f i l m  

48 ,  t he  c lo se d  sp ace  i s  f o r med  b y sh ie ld in g  an  i nn e r  s pa ce  o f  

th e  d i e s  i n c l ud in g  t he  ca v i t y  r ec es s  4 5  an d  d i s ch a rg i ng  a i r  

t h e r e f ro m.  

     N e x t ,  a s  s ho wn in  F i g s .  13  an d  14 ,  t he  me l t ed  r e s i n  o f  t he  

co nv ex  r e s i n  p a r t  27 b  i s  p re s s e d  a nd  sp re ad  on  t he  ba se  r e s i n  

pa r t  27 a  s o  a s  to  f i l l  t h e  i n s id e  o f  t he  ca v i t y  45  w i t h  th e  r e s in .  

Co nc re te l y,  t h e  u pp e r  d i e  4 3  an d  t he  l ow er  d i e  4 4  a re  f u r t h e r  

mo ve d  c lo se  t o  e a ch  o th e r  an d  t he  up pe r  c l a mp er  4 7  i s  p us he d  

ba ck  ag a i ns t  t h e  s p r in gs ,  s o  th a t  t h e  b o t to m f a ce  o f  th e  c av i t y  

b l oc k  4 6  i s  mo ve d  f r o m th e  s t a nd b y p o s i t i on  t o  t h e  mo l d i ng  

po s i t i on  a nd  t he  de p t h  o f  th e  ca v i t y  45  i s  r e du ce d .  Th en ,  t h e  

bo t t o m f a ce  o f  t h e  ca v i t y  b l oc k  4 6  p r es se s  a nd  sp re a ds  ou t  t he  

me l t ed  r e s i n .  B y t h i s  ac t i o n ,  e v en  i f  h e i g h t  va r i a t i o n  i s  ca u se d ,  
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b y th i c kn es se s  o f  th e  e l e c t r o n i c  p a r t s  2 9 ,  i n  th e  s u r f ace  o f  t he  

ba se  r e s in  p a r t  2 7a  a nd  c on v ex oc on ca ve s  a r e  f o r m ed  i n  th e  

su r f ac e  th e r eo f ,  t he  me l t ed  r e s i n  f r o m th e  c on ve x  r e s in  p a r t  2 7b  

f low s  on  th e  su r f a ce  o f  th e  ba se  r e s in  pa r t  2 7a  an d  f l a t t e ns  th e  

su r f ac e .  N a mel y,  t h e  r e s i n  mo l d i ng  a pp a r a t us  1  i s  c ap ab le  o f  

r e du c i ng  mo l d  d e f ec t s  o f  t he  mo l d ed  p r od uc t  ( th e  r e s i n - se a l ed  

pa r t  2 7c )  su ch  a s  in co mp le te  f i l l i ng  ca u se d  b y a i r  p oc ke t s .  

     A s  d es c r ib e d  ab ov e ,  a  d i e  c l a mpi ng  a c t io n  i s  co mp le te d  

in  t he  s t a t e  w he re  th e  u pp e r  c l a mp e r  4 7  i s  pu sh ed  b ac k  a n d  th e  

wo rk p i ec e  W i s  c l a mpe d  b e t w ee n  t h e  c l a mp in g  f ac e  4 3a  o f  th e  

up pe r  d i e  4 3  a nd  th e  c l a mp i ng  f a ce  44  o f  t h e  lo w er  d i e  4 4 .  A t  

th i s  t i me ,  th e  e l ec t r on ic  pa r t s  29  o f  t he  w or kp ie ce  W a r e  

co ve re d  wi th  th e  r e s i n  27  in  t he  ca v i t y  4 5 .  Ne x t ,  a  r e s i n  

p r e s su re  i n  t he  c a v i t y  4 5  i s  ma i n t a i ne d  a t  a  p r e s c r ib e d  p r es s u re  

so  a s  t o  c u r e  ( t he r ma l l y  c u re )  t he  r e s in  27 .  B y  t he  ab ov e  

de sc r i be d  ac t i on s ,  t h e  wo rk p i ec e  W ca n  be  r e s in - mo ld ed  a n d  

th e  r e s in - s ea le d  p a r t  2 7c  ca n  be  f o r me d  i n  th e  p re s s  s ec t i on  21  

o f  t he  r e s in  mol d i ng  a pp a r a t us  1 .  

     N e x t ,  t he  u pp e r  d i e  4 3  a nd  t he  l o we r  d i e  44  a re  mo v ed  

aw a y f r o m ea ch  o t he r  s o  a s  t o  o pe n  t he  pa i r  o f  d i e s ,  t he  

r e s i n - mo ld ed  wo r kp ie ce  W i s  se pa r a t e d  f ro m t he  up p e r  d i e  43  

an d  t he  lo w er  d i e  44 ,  a nd  th e  wo rk p iec e  W ( mol d ed  p ro du c t )  i s  

t a ke n  ou t  b y t he  u n l oa de r  5 .  

     A s  de sc r i be d  a bo ve ,  i n  t he  r e s in  su pp l y s ec t i on  12 ,  t he  

ba se  r e s i n  pa r t  2 7 a  i s  f o r med  f ro m th e  g ra n u l a r  r e s i n  27  i n  th e  

f i r s t  s u pp l y s t e p ,  an d  th e  co nv ex  r e s in  pa r t  2 7b  i s  f o r me d ,  o n  

th e  ba se  r e s i n  p a r t  27 a ,  f ro m t h e  g r an u l a r  r e s in  27 ,  wh o se  

a mou n t  i s  s ma l l e r  t h an  t ha t  o f  t h e  r e s in  f o r mi ng  th e  ba se  r e s i n  

pa r t  27 a ,  i n  t he  se co nd  s up p l y  s t ep .   B y a l mo s t  e n t i r e l y  
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co ve r i ng  t he  w o r kp ie ce  W w i t h  t h e  ba se  r e s in  p a r t  2 7a ,  t h e  

r e s i n  f lo w o n  t he  w or kp ie ce  W i s  r e s t r a i n ed  an d  th e  g ra nu la r  

r e s i n  2 7  o f  th e  c o nv ex  r e s i n  pa r t  27 b  a c t iv e l y f l ow s  o n  t he  b as e  

r e s i n  pa r t  2 7a  w hi l e  mo l d i ng ,  so  th a t  f o r ce s  ap p l i e d  t o  th e  

e l e c t r on ic  p a r t s  2 9  ca n  be  r e du ce d .  N o t e  th a t ,  i n  ca s e  th a t  t he  

e l e c t r on ic  p a r t s  2 9  a r e  e l e c t r i ca l l y  c on ne c t e d  to  th e  s ub s t r a t e  

28  b y bo n d i ng  wi re s ,  w i re  de f o r ma t i on  ca n  b e  p re ve n t ed  an d  

qu a l i t y  o f  t he  mo l de d  p r od uc t s  c an  be  i mp ro ve d .   

     I n  th e  r e s i n  s up p l y s e c t io n  1 2 ,  t he  c on ve x  r e s i n  pa r t  2 7b  

i s  f o r me d  i n  t he  ce n t e r  p a r t  o f  t h e  b as e  r e s in  p a r t  27 a  in  th e  

se co nd  s up p l y s t ep .  T he re f o re ,  i n  th e  p r e s s  s ec t i o n  2 1 ,  t he  

me l t ed  r e s i n  2 7  o f  th e  c on v ex  r e s i n  p a r t  2 7 b  ca n  f lo w  f ro m t he  

ce n t e r  pa r t  o f  t h e  ba se  r e s in  p a r t  2 7a  to  t he  o u t e r  p a r t  t h e r eo f .  

Ev en  i f  t he  wo rk p i ec e  W h as  a  p l an a r  r ec t a ng u l a r  sh ap e ,  t h e  

me l t ed  r e s i n  2 7  c an  s u f f i c i en t l y  s p r ea d  t o  f ou r  co r ne r s .  

Th e r e f o r e ,  mol d  de f e c t s  su ch  a s  i nc o mpl e t e  f i l l i n g  in  c o r ne r  

pa r t s  o f  t he  mol d ed  p ro d u c t  c an  b e  r e d uc ed .  

(E mb od i me n t  2 )  

     I n  th e  a bo v e  d es c r ib ed  E mb o di me n t  1 ,  t he  an t i sc a t t e r i ng  

f r a me  i s  p ro v i de d  to  t he  r e s in  s u pp l y s ec t i on  s o  a s  t o  de po s i t  

t h e  p re sc r i be d  a mou n t  o f  t he  g ra nu la r  r e s in  o n  t he  w or kp ie ce ,  

b y d r op p i n g  t he  r e s in  f r o m th e  e nd  pa r t  o f  t h e  r e s in  d r op p i ng  

pa r t ,  w i th o u t  s ca t t e r i ng  t he  r e s i n .  I n  th e  p re se n t  e mb od i men t ,  

t h e  p re sc r i be d  a mou n t  o f  t he  g ra nu l a r  r e s i n  i s  de p os i t ed  on  t he  

wo rk p i ec e  wi th ou t  u s i ng  t he  an t i s ca t t e r i n g  f r a me .  No te  th a t ,  

ov e r l a pp in g  ma t t e r s  d es c r ib ed  in  E mbo di me n t  1  wi l l  be  

o mi t t e d .  

     A r e s i n  s up p l y s e c t i on  12 A (d i s pe ns e r )  o f  t h e  p r e s en t  

e mbo d i me n t  w i l l  be  ex p l a i n ed  w i t h  r e f e r en ce  t o  F i gs .  1  and 
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15 -1 8 .  T he  r e s i n  s u pp l y s ec t i on  1 2A i s  p r ov id e d  t o  th e  

wo rk p i ec e / r e s i n  s up p l y  s e c t i on  A as  w e l l  a s  th e  r e s i n  su p p l y  

se c t io n  12  o f  E mb od i men t  1 .  

     I n  t he  r e s i n  s u pp l y s e c t io n  1 2A ,  t he  f i r s t  su pp l y s t e p ,  i n  

wh ic h  th e  g ra nu la r  r e s i n  2 7  i s  f l a t l y  s u pp l i e d  on  t h e  wo rk p i ec e  

W,  a nd  t he  s ec on d  s up p l y s t ep ,  i n  w h i ch  t he  g ra nu la r  r e s i n  27  i s  

de po s i t e d  o n  t he  wo rk p i ec e  W as  d o t ,  a r e  p e r f o r med  a s  we l l  a s  

th e  f o r me r  e mbo d i me n t .  B y pe r f o r min g  t h e  f i r s t  a nd  se co n d  

su pp l y s t ep s ,  t h e  r e s i n  s up p l y  se c t io n  1 2 A su p p l i e s  th e  

p r e s c r ib ed  a mou n t  o f  t he  g r an u l a r  r e s in  27 ,  w h i ch  i s  ca pa b l e  o f  

r e s i n - mo ld in g  th e  w or kp ie ce  W on ce .  N o t e  th a t ,  i n  t he  

wo rk p i ec e  W,  a  p l u ra l i t y  o f  t h e  e l e c t ro n i c  pa r t s  2 9  a re  

ma t r i c a l l y  a r r a n g ed  an d  mo u n t ed  on  t he  su b s t r a t e  28  w ho se  

p l an a r  s ha pe  i s  a  r ee d  s ha pe  ( r e c t a ng u l a r  s ha pe ) .  

     T he  r e s i n  s up p l y s e c t i on  1 2 A in c l ud e s :  a n  X - Y- Z  d r iv en  

s t ag e  3 1A b e i ng  mo ve d  i n  X - ,  Y-  an d  Z -d i r ec t i on s  in  a  s t a t e  

wh er e  t he  w or k p i ece  W i s  mo un te d  th e r eo n ;  a n  X - Y- Z  d r i v i n g  

me ch an i s m 33 A f o r  su pp or t i n g  a nd  mo vi ng  t he  s t ag e  31 A i n  t he  

X- ,  Y-  an d  Z - d i r e c t i on s ;  a nd  a  we ig h t  s en s o r  57  f o r  me as ur in g  a  

we ig h t  o f  th e  wo rk p i ec e  W ( i nc lu d i ng  a  w e i gh t  o f  th e  r e s in  

su pp l i ed  t o  th e  w or kp ie ce  W) .  

     I n  t he  s t a ge  31 a ,  a  t h r ou g h - h o l e  3 1a ,  w h i c h  i s  ex te nd ed  

in  a  th i c kn es s  d i r ec t i on ,  i s  f o r med  in  a  ce n t e r  p a r t .  Wi th  th i s  

s t ru c t u r e ,  t h e  s t ag e  31 a  s uc k s  an d  h o l ds  th e  w or kp ie c e  W b y a n  

ou te r  p e r ip he r y pa r t .  N a mel y,  t h e  t h r ou gh -h o le  p i e r ce s  th e  

s t ag e  31 A e xc ep t  t he  p a r t  h o l d i ng  a n  o u t e r  p e r ip he r y o f  th e  

wo rk p i ec e  W.  Th e  w e i gh t  se ns o r  57  mea su re s  th e  we i gh t  o f  the  

wo rk p i ec e  W in  a  s t a t e  o f  p i e r c i n g  th ro ug h  th e  th r ou gh -h o l e  

31 a .   
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     I n  th e  X -Y-Z  d r i v i n g  me c h a n i s m 3 3A ,  t he  s l i de r  35  i s  s l i d ,  

i n  t he  X -d i r ec t i o n ,  o n  an  X -a x i s  r a i l  3 4 ,  a n d  th e  s l id e r  3 6  i s  

s l id ,  i n  t he  Y-d i r ec t i on ,  o n  t he  s l id e r  35  w hi ch  ac t s  a s  th e  

Y- ax i s  r a i l ,  b y t h e  d r i v i n g  u n i t  no t  sh o wn .  A Z -a x i s  r a i l  55  i s  

p r ov id ed  on  th e  s l i d e r  36 ,  a nd  a  s l i de r  5 6  i s  s l id ,  i n  t he  

Z- d i r e c t io n ,  o n  th e  Z -a x i s  r a i l  5 5 .  N o t e  t h a t ,  i n  t he  r e s in  s up p l y  

se c t io n  12 A,  t h e  s t ag e  31 A i s  ca pa b l e  o f  mov i ng  i n  th e  X - ,  Y-  

an d  Z - d i r e c t io ns ,  bu t  a  r e s i n  d r op p i ng  p a r t  32 A i s  f i x ed .   

     T he  r e s in  s up p l y  s ec t i on  1 2A i n c l ud es  th e  r e s i n  d ro pp in g  

pa r t  32 A f o r  d r op p i ng  th e  g r an u l a r  r e s i n  2 7  on to  t he  wo rk p i ec e  

W ( e . g . ,  s ho o t e r ) .  I n  c as e  t ha t  t he  r e s in  d r op p i ng  pa r t  32 A i s  a  

sh oo te r,  t he  g ra nu la r  r e s i n  27  s up p l i e d  f r o m a  ho pp er  i s  

r ec e i v ed  b y a  t r ou gh ,  t h e  t ou gh  i s  v ib ra t e d ,  b y an  

e l e c t r o mag ne t i c  f ee de r,  s o  a s  to  f ee d  th e  g ra nu la r  r e s in  27  

f o rw ar d ,  a nd  t h e  g ra n u l a r  r e s i n  2 7  i s  d r o pp ed  o n t o  th e  

wo rk p i ec e  W f r o m a n  e nd  pa r t  o f  t h e  t ro u gh .  B y  us in g  t he  

sh oo te r  t o  ma k e  a  d i a me te r  o f  a n  e n d  pa r t  o f  t h e  r e s i n  d ro p p i ng  

pa r t  3 2A s ma l l ,  t he  p re sc r i be d  a mou n t  o f  th e  g r an u l a r  r e s i n  2 7  

ca n  b e  c o r re c t l y  su pp l i ed  to  p r e s c r ib ed  po s i t i o n s  i n  t he  

ho r i zo n t a l  su r f ac e  o f  t he  w or kp ie ce  W ( th e  wr i t in g  me t ho d) .  

Th e r e f o r e ,  s up p l y  a mo un t s  o f  th e  r e s i n  f o r  e ac h  po s i t i on  ca n  be  

h i gh l y p re c i se l y  co n t ro l l ed .  S i nc e  th e  r e s i n  i s  s u pp l i ed  b y 

mo vi ng  th e  s ho o t e r,  wh ic h  i s  ex te n de d  d ow nw ar d ,  c l os e  t o  th e  

wo rk p i ec e  W,  t he  ba se  r e s in  pa r t  27 a  an d  t he  co nv ex  r e s i n  pa r t  

27 b ,  w h ic h  a r e  f o r me d  f r o m th e  g r a n u l a r  r e s in  2 7 ,  ca n  be  e as i l y  

f o r med  wi th ou t  us in g  t he  a n t i s c a t t e r i ng  f r a me  3 7  us e d  in  

E mbo di me n t  1 .   

     I n  t he  r e s i n  s up p l y  s ec t i on  1 2 A,  f i r s t l y  t h e  s t a ge  31 A 

rec e i v es  th e  w or kp ie ce  W,  an d  th en  th e  s t a ge  31 A i s  mo ve d  
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do wn wa r d  an d  m ou n t ed  o n  t he  w e ig h t  s en so r  5 7 ,  a s  sh ow n  i n  

F i g .  1 5 ,  s o  a s  to  we ig hs  t he  w e i gh t  o f  th e  wo rk p i ec e  W.  Ne x t ,  

t h e  s l i de r  56  i s  mo ve d  u pw ar d  i n  t he  Z - d i r e c t io n  so  a s  t o  

t r a n s f e r  t he  wo rk p i ec e  W f ro m t he  we ig h t  se ns o r  57  t o  th e  t ab le  

31 A.  

     N e x t ,  t he  g ra nu la r  r e s i n  i s  s up p l i e d  (d ro pp ed )  on t o  t he  

wo rk p i ec e  W on  t he  ba s i s  o f  th e  r e s in  su pp l y d a t a  ( s up p l y  

a mou n t  o f  th e  r e s in ) .  I n  th e  r e s i n  s up p l y s e c t io n  1 2 A,  a  l a rge  

pa r t  o f  t o t a l  su p p l y a mo u n t  o f  th e  g r an u l a r  r e s i n  2 7  ( e . g . ,  9 0 % 

or  mo r e )  i s  f i r s t l y  d r op pe d  on to  t he  w or kp ie ce  W as  th e  f i r s t  

su pp l y s t ep .  I n  th e  f i r s t  s up p l y  s t e p ,  t h e  s t a ge  31 A i s  mo ve d ,  i n  

th e  X -  an d  Y- d i r ec t i o ns ,  i n  th e  ho r i zo n ta l  s u r f a ce  o f  t he  

wo rk p i ec e  W w i t h  d ro pp i ng  t he  g ra nu la r  r e s i n  2 7  f r o m th e  e nd  

pa r t  o f  t h e  r e s in  d r op p i ng  p a r t  3 2 A ( se e  F i g .  16 )  s o  a s  to  f o r m 

th e  ba se  r e s i n  p a r t  27 a  o n  t he  wo rk p i ec e  W ( s e e  F i g .  1 7 ) .  

Na me l y,  t h e  l a rg e  pa r t  o f  p r e s c r i be d  su pp l y a mo u n t  o f  th e  

g r an u l a r  r e s in  2 7  i s  ev e n l y s p re ad  o u t  in  t he  p re sc r i b ed  a r ea  o f  

th e  wo rk p i ec e  W.  

     N e x t ,  i n  t he  r e s i n  s u pp l y se c t io n  1 2 A,  th e  s ec o nd  su p p l y  

a mou n t  o f  th e  g r an u l a r  r e s i n  2 7 ,  wh ic h  i s  o b t a i ne d  b y  

su b t r a c t in g  t h e  f i r s t  s up p l y a mo u n t  f ro m th e  t o t a l  su pp l y 

a mou n t ,  ( e . g . ,  1 0 % o r  l e s s )  i s  d ro pp ed  a s  t he  se co nd  su pp l y  

s t ep .  I n  th e  se c on d  su pp l y s t e p ,  t h e  g r an u l a r  r e s i n  27  i s  

d r op pe d  in  t he  c e n t e r  p a r t  o f  t he  w or kp ie ce  W f ro m t he  e nd  p a r t  

o f  t h e  r e s i n  d r op p in g  pa r t  32 A ,  w i t ho u t  mov in g  th e  s t a ge  31 A ,  

so  a s  to  f o r m th e  co nv ex  r e s in  p a r t  27 b  ( s ee  F ig .  1 8 ) .   

     Af t e r  t he  p re sc r i be d  a mo u n t  o f  th e  g ra nu la r  r e s in  27  i s  

su pp l i ed  on t o  t he  wo rk p i ec e  W,  th e  s t a ge  31 A i s  m ov ed  to  a  

p r e s c r ib ed  p os i t i on  s o  a s  t o  m ea su re  t he  w e i g h t  o f  t he  



28 

 

wo rk p i ec e  W,  o n  wh ic h  t he  g r an u l a r  r e s i n  2 7  i s  s u pp l i e d ,  b y  t h e  

we ig h t  se ns o r  57  a ga in .  T he  d i f f e re nc e  be tw ee n  t h e  cu r r en t  

me as ur ed  we ig h t  an d  th e  f o r me r  me as ur ed  w e i g h t  i s  t he  w e i g h t  

o f  th e  r e s i n  ac tu a l l y  s u p p l i e d  on t o  t he  wo rk p i ec e  W.  I f  t he  

ac t u a l  we ig h t  i s  n o t  e no ug h ,  th e  r e s t  g ra n u l a r  r e s i n  2 7  i s  

p r ec i s e l y  a dd ed .  Th e r e f o r e ,  ev e r y  t i me  t he  r e s i n  s up p l y  s ec t i on  

12 A i s  c ap ab le  o f  co r r ec t l y  s u pp l yi n g  th e  de s i r e d  a mo un t  o f  t he  

g r an u l a r  r e s i n  2 7  t o  t he  w or kp ie c e  W.  I n  th e  r e s i n  mo l d i ng  

ap pa ra tu s  1  h a v i n g  th e  r e s in  su pp l y  s ec t i on  12 A of  t h e  p r e s en t  

e mbo d i me n t ,  mo l d  d e f ec t s  su ch  a s  i n co mp le te  f i l l i ng  ca n  b e  

r e du ce d .  

(E mb od i me n t  3 )  

     I n  E mbo d i me n t  1 ,  t h e  u p pe r  d i e  an d  t he  lo we r  d i e  a r e  

mo ve d  c l os e  to  t he  w or kp ie ce  mo un te d  on  th e  lo w er  d i e ,  a nd  

th e  up p e r  d i e  i s  b ro ug h t  i n to  c on ta c t  w i t h  t he  c on ve x  r e s i n  p a r t  

t o  s p r ea d  ou t  t h e  me l t ed  r e s in  o n  th e  b as e  r e s i n  pa r t ,  so  t ha t  t he  

ca v i t y  i s  f i l l ed  wi th  th e  r e s i n .  Wi t h  t h i s  ac t i on ,  e ve n  i f  

co nv ex oc on ca ve s  ex i s t  i n  th e  s u r f a c e  o f  th e  b as e  r e s in  p a r t ,  t h e  

me l t ed  r e s i n  f ro m t he  c on ve x  r e s in  pa r t  f i l l s  t he  

co nv ex oc on ca ve s  wi th ou t  l e ve l i ng  t he  su r f ac e  o f  th e  ba se  r e s i n  

pa r t .  In  t he  p r e s e n t  e mb o d i me n t ,  t he  s u r f a ce  o f  t he  ba se  r e s in  

pa r t  i s  l e ve le d  b y  a  b l a de  58  so  a s  t o  f u r th e r  f l a t t e n  t he  su r f ac e  

o f  th e  ba se  r e s i n  pa r t .  No te  t ha t ,  so me  o ve r l ap p in g  ma t t e r s  

de sc r i be d  in  E mb od i men t  1  w i l l  be  o mi t t ed .  

     T he  b la de  5 8  o f  th e  p r e s en t  e mb od i me n t  i s  s h o wn  i n  F i g .  

19 .  Th e  r e s in  s u p p l y s e c t io n  1 2  in c l ud es  t he  b l ad e  58  s o  a s  to  

l e ve l  t h e  g ra nu la r  r e s i n  2 7  s up p l i ed  t o  t he  wo rk p i e ce  W.  T he  

b l ad e  5 8  i s  p ro d uc ed  b y b e nd in g  a  pa r t  o f  a  p l a t e - s ha pe d  

ma te r i a l .   C o nc r e te l y,  t he  b l a de  58  h as  a  pa r a l l e l  p a r t  58 a ,  
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wh ic h  i s  a r r an ge d  pa ra l l e l  t o  th e  s u r f ace  o f  t he  wo rk p i ec e  W to  

wh ic h  t he  r e s in  w i l l  be  su pp l i ed ,  a nd  a  be n t  pa r t  5 8 b ,  w h ic h  i s  

be n t  u pw ar d  f r o m  a  ce n te r  o f  t he  p a ra l l e l  pa r t  5 8a .  

     Fo r  e xa mp l e ,  t h e  g ra nu la r  r e s i n  2 7  i s  s u pp l i e d  o n t o  t he  

wo rk p i ec e  W f ro m th e  r e s in  d r op p in g  pa r t  32 A w i t h ou t  mo v in g  

th e  s t ag e  3 1 A,  a s  w e l l  a s  t he  s ec o nd  s u pp l y s t ep  o f  t he  ab ov e  

de sc r i be d  e mb od i me n t ,  so  a s  t o  he ap  t he  t o t a l  a mo u n t  o f  th e  

g r an u l a r  r e s i n  27 ,  a nd  t he n  th e  g r an u l a r  r e s i n  27  s up p l i e d  on  

th e  wo rk p i ec e  W ca n  be  l e ve le d ,  b y  th e  b l a de  5 8  r o ta t i ng  a bo u t  

a  r o t a r y s h a f t  59 ,  i n  t he  r e s in  s up p l y se c t i on  1 2 .  Na me l y,  t h e  

pa ra l l e l  pa r t  58 a  l e ve l s  th e  b as e  r e s in  pa r t  27 a ,  a n d  t he  be n t  

pa r t  5 8b  s ha pe s  t he  c on ve x  r e s i n  p a r t  27 b .  

     Wi t h  t h e  a b ov e  d es c r i be d  s t r uc tu re ,  a  p a r t  o f  t h e  r e s in  

co r r e s po nd in g  to  t he  ba se  r e s in  p a r t  27 a  c an  b e  l e ve le d ,  an d  th e  

co nv ex  r e s in  pa r t  2 7b  c an  b e  s ha pe d .  N o  co n ve xo co n c a ve s  a r e  

f o r med  i n  t he  s u r f ace  o f  t he  pa r t  o f  t he  r e s in  c o r re s po nd in g  to  

th e  ba se  r e s i n  p a r t  27 a ,  an d  t he  me l t e d  r e s in  f r o m th e  co nv ex  

r e s i n  p a r t  2 7 b  c an  f l ow o n  t he  l ev e l ed  su r f ac e .  Th e r e f o r e ,  

f o r min g  a i r  p oc k e t s  ca n  b e  h i g h l y  r e s t r a in ed ,  s o  th a t  mo ld  

de f e c t s  su ch  a s  in co mp le te  f i l l i ng  c an  b e  r e du ce d .  

     A n o t he r  b l a de  58 A sh ow n in  F i g .  2 0  ma y b e  e mpl o ye d  

in s t ea d  o f  t he  b l a de  5 8 .  T h e  b l ad e  58 A i s  p r od uc ed  b y  b e nd in g  

a  p a r t  o f  a  p l a t e - s ha pe d  ma t e r i a l .  T he  b l ad e  5 8 A i s  b en t  t ow ar d  

th e  r o t a r y s h a f t  5 9  a nd  in c l in ed  se ve ra l  de g re es  ( a n g l e  θ )  w i th  

r e sp ec t  t o  t h e  s u r f ace  o f  th e  wo rk p i ec e  W t o  w hi c h  th e  r e s in  

wi l l  b e  su pp l i e d .  

     I n  t he  r e s in  su pp l y s e c t io n  12 ,  a f t e r  t he  s t e p  s ho wn  i n  F ig .  

5  i s  pe r f o r me d ,  th e  g r an u l a r  r e s i n  2 7  su p p l i e d  o n  th e  wo rk p i ec e  

W i s  l e ve le d  b y  t h e  b l ad e  5 8 A ro ta t i ng  a b ou t  t he  r o t a r y  s h a f t  5 9 .  
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Na me l y,  t h e  g r an u l a r  r e s in  2 7  on  th e  wo rk p i ec e  W i s  l ev e l ed  

an d  s ha pe d  l i ke  a  c i r c u l a r  co ne .  So ,  t he  me l t e d  r e s in  f ro m t he  

to p  o f  th e  c i r cu la r  c on e  c an  f lo w o n  t he  l e v e l ed  su r f ace  w hi l e  

mo ld in g .  Th e r e f o r e ,  f o r mi n g  a i r  po ck e t s  c a n  be  h ig h l y  

r e s t r a i n ed ,  so  t ha t  mo ld  de f ec t s  su ch  a s  in co mp l e t e  f i l l i n g  ca n  

be  r ed uc ed .  

(E mb od i me n t  4 )  

In  E mb od i me n t  1 ,  t he  w or kp ie c e  i s  t r ea t e d  in  th e  

p r eh ea t i ng  s ec t i o n  an d  th e  c oo l i ng  s ec t i on  i n  t he  s t a t e  wh er e  

th e  r e s i n  i s  de po s i t e d  on  th e  wo rk p i ec e .  I n  t he  p re se n t  

e mbo d i me n t ,  t h e  r e s in  on  th e  w o rk p iec e  W i s  c l a mp e d ,  b y d ie s ,  

i n  t he  p re he a t in g  se c t io n  an d  th e  co o l in g  se c t io n .   

     A s  s ho w n i n  F i g .  21 ,  a  p re he a t i n g  se c t io n  1 6A i nc lu de s :  

an  u p pe r  d i e  6 1  a nd  a  lo we r  d i e  62  f o r  p r eh ea t i ng ,  w h i ch  h a ve  

bu i l t - in  he a t e r s  ( n o t  sh ow n)  an d  w hi ch  a re  f a ce d  e ac h  o t he r  a nd  

mo ve d  c lo se  t o  a n d  aw a y f r o m ea ch  o t he r ;  a nd  a  h ou s i ng  wh ic h  

acc o mmo d a te s  t h e  u pp e r  d i e  6 1  a n d  t he  l ow er  d i e  6 2  s o  a s  t o  

in c r ea se  h ea t  e f f i c i e nc y.  I n  t he  p r eh ea t i ng  se c t io n  1 6A ,  a  

r ec e ss  61 a  o f  th e  up pe r  d i e  6 1  a nd  t he  co nv ex  r e s in  p a r t  2 7b  o f  

th e  g ra nu la r  r e s i n  27  a r e  a l ig ne d  wi th  ea ch  o th e r,  a nd  th e  up pe r  

d i e  61  an d  t he  lo w er  d i e  62  a re  mo v ed  c lo se  to  th e  w o rk p i ec e  W 

mo un te d  on  th e  lo we r  d i e  6 2 ,  so  t ha t  t he  u pp e r  d i e  6 1  co n t ac t s  

(p re s s es )  th e  c o n v e x  r e s i n  p a r t  27 b  s o  a s  t o  me l t  t h e  g ra nu la r  

r e s i n  27 .   

     B y t he  r ec es s  61 a  o f  t he  p re he a t in g  se c t io n  1 6A ,  th e  

co nv ex  r e s i n  p a r t  27 b  c an  be  l e f t  a n d  t he  e n t i r e  w o rk p i ec e  ca n  

be  d i r e c t l y  h ea te d ,  f r o m th e  up pe r  s id e ,  w i t h ou t  a pp l yi n g  no  

s t r e s s  t o  t he  e l e c t r o n i c  pa r t s  p ro v i de d  in  th e  ce n te r  pa r t .  

Fu r t he r,  t h e  ba se  r e s i n  pa r t  2 7a  c an  be  f l a t l y  c l a mp e d  b y a  d i e  
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f ace  61 b  o f  t he  p r eh ea t i ng  se c t io n  1 6A .  B y e mpl o yi n g  t he  

p r eh ea t i ng  se c t io n  1 6A ,  t he  w or kp iec e  c a n  b e  r ap id l y he a t ed ,  

an d  th e  t h i ck ne ss  c an  b e  r ed uc ed  s o  th a t  t he  wo rk p i ece  ca n  be  

ea s i l y  h ea te d .  F ur th e r,  a i r  b e t we en  r e s i n  g r a i ns  c an  b e  pu rg ed  

ou t  an d  r e du ce d  b y  t h e  me l t ed  r e s in .  

     N o te  t ha t ,  t he  r ec es s  6 1a  an d  t he  d i e  f a ce  61 b  ma y b e  

co a t ed  w i t h  Te f l on  ( r e g i s t e r ed  t r a de ma rk )  o r  c ov e r ed  w i t h  a  

r e l ea se  f i l m  s o  a s  t o  p r ev en t  th e  r e s i n  f r o m a dh es i on .  

     A s  s ho wn  i n  F i g .  2 2 ,  a  c oo l i ng  s ec t i on  1 7A i n c l ud es :  an  

up pe r  d i e  6 3  a n d  a  l ow er  d i e  6 4  f o r  c oo l i ng ,  w h i ch  ha ve  

bu i l t - in  c oo le r s  (n o t  sh o wn )  a n d  wh i ch  a r e  f ac e d  e ac h  o t he r  a nd  

mo ve d  c lo se  t o  a n d  aw a y f r o m ea ch  o t he r ;  a nd  a  h ou s i ng  wh ic h  

acc o mmo d a te s  t h e  u pp e r  d i e  6 3  a n d  t he  l ow er  d i e  6 4  s o  a s  t o  

in c r ea se  h ea t  e f f i c i e n c y.  In  th e  c o o l in g  s ec t i on  17 A ,  a  r ece s s  

63 a  o f  t he  u pp e r  d i e  63  a nd  t he  c o nv ex  r e s in  p a r t  2 7b  o f  th e  

g r an u l a r  r e s i n  27  a re  a l i gn ed  w i t h  e ac h  o th e r,  a nd  t he  up pe r  d i e  

63  an d  t he  l ow er  d i e  6 4  a re  mo v e d  c lo se  to  t he  wo rk p i ec e  W 

mo un te d  on  th e  lo we r  d i e  6 4 ,  so  t ha t  t he  u pp e r  d i e  6 3  co n t ac t s  

(p re s s es )  th e  c on v ex  r e s in  pa r t  2 7b  an d  co o l s  t he  wo r kp ie ce  W.  

No te  t ha t ,  t h e  sh a pe  o f  t he  r ece s s  63 a  o f  th e  up pe r  d i e  6 3  f o r  

co o l in g  i s  t he  s a m e  as  th a t  o f  t h e  r e ce ss  6 1 a  o f  th e  u p pe r  d i e  6 1  

f o r  p r eh ea t i ng .   

     B y t he  r e c es s  63 a  o f  th e  co o l in g  s ec t i on  17 A,  t h e  

wo rk p i ec e  c an  be  d i r ec t l y  c o o l ed ,  f ro m t h e  u pp e r  s i de ,  w i t h  

ma in ta in in g  t he  s ha pe  o f  t he  c o nv ex  r e s in  pa r t  2 7 b  p re he a t ed  

b y t he  p r e hea t in g  se c t io n  1 6A ,  so  th a t  t h e  w or kp ie c e  c an  b e  

r a p i d l y c o o l ed .  Th e r e f o r e ,  s ho r t en in g  th e  ge l  t i me  un t i l  

mo ld in g  ca n  b e  r e s t r a in ed .  

     T he  e mb od i men t s  o f  t h e  p r e s en t  in v en t i on  ha ve  b ee n  
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de sc r i be d  a b ov e ,  bu t  t he  p re se n t  i n ve n t io n  i s  no t  l i m i t e d  to  t he  

ab ov e  de sc r i be d  e mb od i me n t s ,  t he  p re se n t  in v en t i on ,  o f  co ur s e ,  

ma y b e  v a r io us l y  mod i f i e d  wi th ou t  de pa r t i ng  t he  sc op e  o f  th e  

in ve n t io n .  

     Fo r  ex a mpl e ,  i n  E mb od i me n t  1 ,  t he  wr i t in g  me th od  i s  

pe r f o r me d ,  b y t he  r e s i n  d r op p i n g  p a r t ,  i n  t he  f i r s t  s up p l y s t ep  

an d  th e  sec o nd  su pp l y s t e p .  T he  p r es e n t  in v en t i on  i s  no t  

l i mi t e d  t o  t he  e mb od i me n t ,  s o  t h e  f i r s t  s u pp l y s t ep  a n d  t he  

se co nd  su p p l y s t e p  ma y be  pe r f o r m ed  b y th e  o pe n i n g  me t ho d ,  

in  wh ic h  a  h o l de r  o r  a  sh u t t e r  i s  u se d ,  o r  t he  d i f f us in g  me t ho d ,  

in  w h i ch  a  s ho o t e r  o r  a  d i f f us in g  me mb er  i s  u s ed .  Na me l y,  i n  

th e  r e s in  su p p l y s ec t i on ,  t he  me t ho d  o f  s up p l yi n g  t h e  r e s in  i s  

no t  l i mi t ed  a s  f a r  a s  t he  ba se  r e s i n  pa r t  o f  t he  g ra n u l a r  r e s in  i s  

f o r med  on  t he  wo r kp ie ce  in  th e  f i r s t  su pp l y s t e p  a nd  t he  co nv ex  

r e s i n  pa r t  o f  t h e  g ra nu la r  r e s i n  i s  f o r med  o n  t he  b as e  r e s i n  pa r t  

i n  th e  s ec on d  s u pp l y s t ep .  Fu r t he r,  t he  wr i t in g  me th od ,  t he  

op en in g  me t ho d  a nd  t he  d i f f us i n g  me th od  ma y b e  c o mbi ne d  t o  

pe r f o r m th e  f i r s t  su pp l y  s t e p  a nd  t he  s ec on d  su p p l y s t ep .  

     I n  a n y c as e s ,  mo ld  d e f ec t s  c an  be  r e du ce d  a s  we l l .  N o t e  

th a t ,  i n  ca se  o f  p e r f o r mi ng  th e  d i f f u s i ng  me th od  o r  t h e  op en in g  

me th od ,  t wo  se t s  o f  t h e  s ho o t e r s  o r  h o ld e r s ,  e t c .  f o r  su pp l yi n g  

th e  r e s i n  to  t he  r e s i n  su pp l y a re as ,  wh er e  th e  r e s i n  i s  s up p l i e d  

in  th e  f i r s t  a nd  s e co nd  s up p l y s t e p s  ( i . e . ,  t h e  a re a s  i n  wh ic h  th e  

ba se  r e s i n  p a r t  a n d  t he  co nv e x  r e s i n  p a r t  w i l l  be  f o r me d) ,  a r e  

r e qu i r ed .  O n  t he  o t he r  h an d ,  i n  ca s e  o f  p e r f o r min g  t he  wr i t in g  

me th od ,  t he  r e s in  ca n  b e  d ro pp ed  f ro m on e  r e s i n  d ro p p i ng  pa r t  

i n  t he  f i r s t  an d  se co nd  s up p l y s t ep s ,  s o  th a t  n u mb er  o f  pa r t s  o f  

th e  r e s i n  mo l d i n g  ap pa ra tu s  ( r e s i n  su pp l y s e c t io n )  ca n  be  

r e du ce d .  
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     Fo r  ex a mpl e ,  i n  E mb od i me n t  1 ,  t h e  r e s in  i s  d r op pe d  o n t o  

th e  s up p l y t a rg e t  (w or kp ie ce ) ,  i n  w h i ch  th e  ba se  r e s i n  p a r t  w i l l  

be  f o r med ,  in  th e  f i r s t  su p p l y s t e p ,  an d  t he  r e s in  i s  f u r t he r  

d r op pe d  on to  o ne  p l ac e  ( th e  ce n t e r  pa r t )  o f  t h e  su pp l y  t a rge t  so  

a s  to  f o r m t he  c on ve x  r e s in  p a r t  i n  t he  se co nd  s up p l y s t ep .  B u t ,  

i n  th e  p re se n t  in ve n t io n ,  t h e  r e s i n  ma y b e  d r op pe d  o n t o  t he  

p l an a r  r e c t an gu la r  w or kp ie ce  a t  a  p lu ra l i t y  o f  p l ac e s  ( e . g . ,  tw o  

p l ac es  a r r an ge d  i n  th e  l on g i tu d in a l  d i r e c t io n )  in  th e  se co n d  

su pp l y s t e p .   

     I n  s o me  ca s es ,  e ve n  i f  t he  r e s i n  i s  d ro pp ed  o n to  th e  o ne  

p l ac e ,  i . e . ,  t he  ce n t e r  pa r t ,  o f  t h e  p l a na r  r ec t a ng u l a r  ( e sp ec ia l l y,  

r ee d - s ha pe d)  su p p l y t a rge t ,  t he  r e s i n  ca n no t  s p re a d  t o  c o r ne r s  

o f  t he  s up p l y  t a rge t  wh i l e  mo l d i n g .  O n  th e  o t h e r  ha nd ,  b y 

d r op p i ng  th e  r e s i n  a t  t he  p l u r a l i t y  o f  p l ac es  i n  t he  s ec on d  

su pp l y s t e p ,  t h e  r e s in  ca n  sp re ad  to  th e  c o r ne r s  o f  s a id  ob je c t .  

Th e r e f o r e ,  mo ld  de f e c t s  s uc h  a s  in co mp le te  f i l l i n g  c an  be  

r e du ce d .    

     Fo r  e xa mp l e ,  i n  E mb o d i me n t  1 ,  t he  s up p l y t a rg e t  ( i . e . ,  

wo rk p i ec e )  ha s  t h e  p l a na r  r ec t a ng u la r  s ha pe .  T he  p l a na r  s ha pe  

o f  t he  s up p l y  t a rge t  i s  n o t  l i mi t e d ,  s o  i t  ma y b e  po l yg o na l  

sh ap es  i nc lu d i n g  r ec t a n gu la r  sh ap e s ,  c i r c u la r  sh ap es ,  e t c .  E v en  

i f  t h e  su p p l y t a rg e t  ha s  a  d i f f e r en t  p l a na r  s ha p e ,  mo ld  d e f ec t s  

su ch  a s  i nc o mp le t e  f i l l i n g  c an  b e  r ed uc ed  b y  f o r mi n g  th e  b as e  

r e s i n  p a r t  i n  th e  f i r s t  s u pp l y s t ep  a nd  f o r min g  t he  co nv ex  r e s i n  

pa r t  i n  th e  se co nd  s up p l y s t ep .   

     Fo r  e xa mp l e ,  i n  E mb o d i me n t  1 ,  t he  s up p l y t a rg e t  ( i . e . ,  

wo rk p i ec e )  i s  t h e  s u bs t r a t e  o n  w hi ch  t h e  e l ec t r o n i c  pa r t s  a r e  

mo un te d .  Th e  s up p l y t a rg e t  i s  no t  l i mi t e d ,  so  a  waf e r,  c a r r i e r  

s t ag e ,  r e ed - s ha pe d  f i l m ,  ro l l e d  f i l m ma y b e  t r ea t ed  a s  th e  
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su pp l y t a rge t .  E v en  i f  t he  r e s in  s u pp l y t a rge t  i s  c ha ng ed ,  mo ld  

de f e c t s  c an  be  r ed uc ed ,  a s  we l l ,  b y f o r min g  t h e  b as e  r e s i n  p a r t  

i n  th e  f i r s t  su p p l y  s t ep  an d  f o r mi n g  th e  c on ve x  r e s in  p a r t  i n  t he  

se co nd  s up p l y s t e p .  

     Fo r  e xa mp l e ,  i n  E mb o d i me n t  1 ,  t h e  e l ec t r on ic  pa r t s  a r e  

ma t r i c a l l y  mo u n t e d  o n  th e  su bs t r a t e ,  t he  p a r t  o f  t h e  e l ec t r o n i c  

pa r t s  w h i ch  a re  lo ca te d  in  th e  i n ne r  pa r t  o f  t h e  ma t r ix  a re  

en t i r e l y  c o ve re d  wi th  th e  g ra nu la r  r e s i n ,  an d  t he  r e s t  e l e c t ro n ic  

pa r t s  a r e  pa r t i a l l y  c ov e r ed  w i t h  th e  g r an u l a r  r e s in .  Th e  p re s en t  

in ve n t io n  i s  no t  l i mi t e d  to  t he  e mb od i men t ,  s o  t he  r e s t  

e l e c t r on ic  p a r t s  ma y b e  e n t i r e l y  c ov e re d  w i t h  th e  g r an u l a r  r e s i n .  

In  t h i s  c a s e  t oo ,  a l l  o f  t h e  e l e c t ro n i c  pa r t s  a r e  f i na l l y  e n t i r e l y  

co ve re d  wi th  t he  g r an u l a r  r e s in  a s  th e  mo ld ed  p r od u c t .   

     Fo r  e xa mp l e ,  i n  E mb o d i me n t  1 ,  t h e  p r eh ea t i ng  s ec t i on  

an d  th e  c oo l i ng  se c t i o n  a r e  p ro v i de d  in  th e  p re t r e a t i n g  se c t io n .  

Th e  p re se n t  i nv en t i on  i s  n o t  l i mi t e d  t o  th e  e mb o d i m en t ,  so  n o  

co o l in g  se c t io n  m a y be  p ro v id ed  i n  th e  p r e t r e a t i n g  s ec t i on .  B y 

p r ov id in g  no  c oo l i ng  s ec t i on ,  wh e n  t he  r e s in - s ea le d  p a r t  i s  

f o r med  b y t h e r ma l l y  c u r i n g  th e  g ra nu la r  r e s i n  i n  t he  c av i t y  o f  

th e  p re s s  s ec t i o n ,  a  r an g e  o f  t e mpe ra tu re  i nc r e as e  u n t i l  

r ea c h i ng  th e  mol d i ng  t e mp er a t u r e  ca n  b e  s ma l l  b y p r eh ea t i ng  

th e  w o rk p i ec e .  B y p re he a t in g  t he  w or kp ie ce ,  t he  en t i r e  

wo rk p i ec e  i s  p re v io us l y h e a t ed ,  s o  th a t  t h e  h ea t  ca n  be  e a s i l y  

co nd uc te d  w hi l e  mo ld in g .  A t r ea t i ng  t i me  o f  t he  p re s s  s ec t i o n ,  

wh ic h  i s  t h e  lo ng es t  o f  t he  t r e a t m en t s  p e r f o r med  in  t he  r e s in  

mo ld in g  a pp a r a t u s ,  c an  be  sh or t e n ed ,  an d  a  p r od u c t io n  c os t  o f  

t h e  mo ld ed  p r od u c t  ca n  b e  r e du ce d .  

     Fo r  ex a mp l e ,  a s  s ho w n in  F i gs .  2 3A -2 3 F,  va r i ou s  w r i t i ng  

pa t t e r ns  f o r  d ro pp in g  th e  g r an u la r  r e s in ,  f r o m th e  r e s i n  
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dr op p i ng  p a r t ,  o n t o  t he  s u r f a ce  o f  th e  wo rk p i ec e  ma y b e  

ap p l i e d .  Th e  p a t t e r n s  s ho wn  in  F ig s .  23 A - 23 C  c a n  b e  a pp l i ed  to  

th e  wo r kp ie ce  h av in g  a  p l a na r  r ec t a ng u l a r  s ha p e ,  a nd  t h e  

pa t t e r ns  s ho w n in  F ig s .  2 3 D - 23 F  ca n  be  a pp l i e d  to  t he  

wo rk p i ec e  h av in g  a  p l a na r  c i r c u la r  s ha pe .  I n  F ig s .  23 A a n d  2 3D ,  

on e - wa y s c an n i n g  i s  r e pe a t ed  i n  th e  en t i r e  s u r f a ce  o f  t he  

wo rk p i ec e .  In  F ig s .  23 B an d  2 3 E ,  s ca nn in g  t r a ck s  a r e  s i mi l a r  t o  

th e  sh ap e  o f  t he  wo rk p i ec e ,  an d  th e  sc an n i n g  i s  co n ce n t r i ca l l y  

r e pe a t ed  i n  t he  e n t i r e  s u r f ace .  In  F i gs .  23 C an d  23 F,  s ca n n i ng  

i s  s p i r a l l y  p e r f o r me d ,  a l o ng  t he  o u te r  p r o f i l e  o f  th e  wo rk p i ec e ,  

i n  t he  e n t i r e  su r f a ce .   

     I n  ca se  o f  ev en l y s up p l y i n g  a  p r e s c r ib ed  a mo un t  o f  t he  

g r an u l a r  r e s in  on to  t he  su r f ac e  o f  th e  w or kp ie ce  b y  s ca nn in g  

wi th  eac h  o f  t he  p a t t e r n s  s ho wn  in  F i gs .  2 3B ,  2 3 C,  2 3E  a n d  2 3 F,  

wh en ,  f o r  ex a mpl e ,  t he  sc an n i n g  i s  p e r f o r med  f r o m t he  ou te r  

pe r i ph e r y  o f  th e  w or k p i ec e  to  th e  ce n t e r  pa r t  t h e re o f ,  t he  

g r an u l a r  r e s in  i s  s up p l i e d  to  t he  o u t e r  pe r i p he r y a t  a  p r e s c r ib ed  

su pp l y r a t e  an d  a  p re sc r i b ed  sc an n in g  s pe ed ,  a nd  th e  s up p l y  

r a t e  an d  th e  s ca n n i ng  s pe ed  a r e  a d j us t e d  so  a s  t o  su pp l y t he  

r i gh t  a mou n t  o f  t h e  g r an u l a r  r e s in  t o  t he  c en te r  pa r t .  F u r th e r,  i n  

ca se  o f  f o r mi n g  t he  c o nv ex  r e s i n  p a r t  i n  th e  c en te r  pa r t  o f  t he  

wo rk p i ec e  b y s ca nn in g  wi th  e ac h  o f  the  pa t t e r ns  s ho wn  i n  F i gs .  

23 B,  23 C,  23 E  a nd  2 3 F,  w he n ,  f o r  ex a mp le ,  t he  s c an n i ng  i s  

pe r f o r me d  f ro m t he  o u t e r  pe r i ph e r y  o f  th e  w or kp ie ce  t o  t he  

ce n t e r  pa r t  t h e r eo f ,  t h e  g ra nu la r  r e s i n  i s  s u pp l i ed  to  th e  o u t e r  

pe r i ph e r y a t  a  p re sc r i be d  s u pp l y r a t e  a nd  a  p r e s c r i be d  sc an n i n g  

sp ee d ,  an d  t he  su pp l y r a t e  a n d  t he  sc an n i ng  sp ee d  a r e  ad j us t e d  

so  a s  t o  s up p l y a  l a rge r  a mo u n t  o f  th e  g ra nu la r  r e s i n  t o  th e  

ce n t e r  p a r t .  
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     Va r i ou s  t yp es  o f  w o rk p i ec es  s h ow n  i n  F ig s .  2 4 A - 24 G  

(d o t t e d  l i ne s  s h ow  p ro f i l e s  o f  r e s i n - se a l ed  p a r t s )  c an  b e  

r e s i n - mo ld ed  b y th e  r e s i n  mo ld in g  a p pa ra tu s  o f  t he  p r e se n t  

in ve n t io n .  I n  F ig .  2 4A ,  a  w or k p i e ce  i s  a  waf e r  o n  wh ic h  a  

p l u r a l i t y  o f  bu mp s  a r e  f o r me d .  I n  F i g .  2 4 B,  a  wo rk p i ec e  i s  a  

waf e r  o n  w h ic h  a  p l u r a l i t y  o f  s e mi c on du c t o r  ch ip s  o r  l a mi na te d  

ch ip s  o f  T S V (T hr ou gh  S i l i c o n  Via )  a re  mo un te d .  I n  F ig .  24 C,  a  

wo rk p i ec e  i s  a  w af e r  ( s u bs t r a t e )  o n  wh ic h  a  p l u r a l i t y  o f  l i gh t  

e mi t t i ng  o r  r ec e i v in g  c h i p s  ( se mi co nd uc to r  c h ip s )  a r e  mo u n t ed .  

In  F i g .  2 4 D,  a  w or kp ie ce  i s  a  waf e r  o n  w hi ch  a  p l u r a l i t y  o f  

ME M S ( Mi c r o  E l ec t r o  Me c ha n i ca l  S ys t e m)  c h i ps  a r e  mo un te d .  

In  F i g .  24 E ,  a  w o rk p i ec e  i s  a n  i n t e rp os e r  su bs t r a t e  o n  w hi ch  a  

p l u r a l i t y  o f  s e mi co nd uc to r  ch ip s  a re  mo un te d  an d  b u mps  o r  

v i a s  a re  f o r me d .  In  F i g .  24 F,  a  w or kp ie ce  i s  a  su b s t r a t e  o n  

wh ic h  a  p l u r a l i t y  o f  l a mi na te d  c h i p s  a r e  mo un te d  a n d  v ia s  a re  

f o r med .  In  F ig .  2 4G,  a  wo rk p i ec e  i s  a  c a r r i e r  ( co mp o se d  o f ,  f o r  

ex a mpl e ,  s t a in l e s s  s t ee l ,  g l a s s ,  w a f e r )  o n  wh ic h  a  p lu ra l i t y  o f  

se mi co nd uc t o r  c h i ps  a r e  f ix ed  wi th  a  p ee l i n g  sh ee t ,  e . g . ,  

t h e r ma l  pee l i n g  s he e t .  T he  r e s in  ma y be  s up p l i e d  in  th e  sh ap e  

o f  p ac ka ge s  s ho wn  b y  d o t t e d  l i ne s  in  e ac h  o f  th e  ab ov e  

d r aw in gs .  

     Fo r  ex a mp l e ,  a  co n t ro l  s ys t e m f o r  c o n t r o l l in g  t he  r e s i n  

su pp l y s ec t i on  h a s  a  s t r uc tu re  s ho wn i n  F i g .  25 .  In  th e  c on t r o l  

s ys t e m,  a  P C (P e r so na l  Co mp u te r ) ,  wh ic h  ha s  an  i n pu t  se c t io n ,  

a  c on t r o l  s ec t i o n ,  a  t r an s mi t t i n g  se c t io n  an d  a  d i sp la yi n g  

se c t io n ,  i s  c on ne c te d  t o  th e  r e s in  mol d i ng  a pp a r a t us ,  wh ic h  ha s  

a  r e ce iv in g  s ec t i o n ,  a  co n t r o l  s ec t i on ,  a  s t o r in g  s ec t io n  a nd  a  

t a b l e  ( s t a ge )  d r i v i ng  se c t io n ,  a n d  th e  b o t h  a re  ca pa b l e  o f  

co mmu n i ca t i ng  w i t h  ea ch  o th e r.  Th e  PC  ma ke s  a  d r i ve  c on t r o l  
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pa t t e r n  f o r  e ac h  pa t t e r n  I D ,  s en ds  th e  pa t t e r ns  t o  th e  r e s in  

mo ld in g  ap p a ra t u s  a n d  ma ke s  th e  a pp a r a t us  s to re  t he  pa t t e r n s .  

Th e  r e s in  mol d in g  a pp a r a t u s  mak es  th e  pa t t e r n  I D  f o r  e ac h  

p r od uc t  (w or kp ie c e )  an d  r e t r i e ve s  i t  s o  a s  to  s u p p l y t h e  r e s in  i n  

th e  de s i r e d  pa t t e rn  ( a c t u a l  s up p l y  p a t t e r n ) .  In  a  s t a ge  o f  

s t a r t i ng  t he  t a b l e ,  a  mo v in g  s pe ed  i s  u ns t e ad y,  s o  a  du m m y 

pa t t e r n  ma y b e  in c l ud ed  in  th e  d r i ve  co n t ro l  p a t t e r ns  an d  t he  

r e s i n  ma y b e  su pp l i ed  a f t e r  t he  mo v i ng  sp ee d  o f  t he  t ab le  

s t ab i l i z e s .   

     Fo r  ex a mp l e ,  i n  E mb o d i me n t  1 ,  t he  r e s i n  d ro pp in g  p a r t  i s  

f ixe d  a n d  t h e  wo r kp ie ce  mo u n t in g  p a r t  i s  mo v ed  ( f o r  sc an n i ng ) .  

Th e  p r es e n t  i nv e n t io n  i s  no t  l i mi t ed  t o  t ha t  s t ru c t u re ,  so  th e  

r e s i n  d ro pp in g  p a r t  ma y b e  mo v ed  ( f o r  s ca n n i ng )  an d  t he  

wo rk p i ec e  mo u n t i ng  p a r t  ma y b e  f i xe d .  I n  t h i s  ca se ,  t h e  r e s i n  

d r op p i ng  pa r t  a nd  mo va b l e  pa r t s  a r ou nd  t h e  r e s i n  d ro pp in g  p a r t  

w i l l  be  i mp ro pe r l y  ma d e  l a rg e  so  a s  to  p re c i se l y  su pp l y  

g r an u l a r  r e s in ,  bu t  t h e  g r an u l a r  r e s i n  ca n  be  d ro p pe d  b y mo v i ng  

th e  r e s i n  d r op p i ng  pa r t ,  i n  t he  X -  an d  Y- d i r e c t io ns  w i t h  r e sp ec t  

t o  th e  wo rk p i ec e  mo u n t in g  p a r t ,  s o  a s  t o  sc an  th e  wo rk p i ec e  

mo un t i n g  pa r t .   

     A t e c hn o l og y f o r  p r ec i s e l y  s u pp l yi n g  g ra nu la r  r e s i n  w i t h  

a  f i xe d  w or kp ie ce  mou n t i ng  p a r t  a n d  a  mo v ab le  r e s i n  d ro pp i ng  

pa r t  w i l l  b e  e xp la in ed  wi th  r e f e r en ce  t o  F ig .  2 6 .  F i g .  2 6  s ho w s  

a  mo d i f i e d  ex a mp le  o f  t he  r e s in  su pp l y s ec t i o n  1 2  ( he re in a f t e r  

r e f e r r e d  t o  a s  “ r e s in  su pp l y s e c t i on  12 B ” ) .  No te  t ha t ,  wh en  

g r an u l a r  r e s i n  i s  d r op pe d  f ro m a n  e nd  pa r t  o f  a  t r ou gh  10 2  

( s ho wn b y d o t t e d  l i ne s )  on to  th e  wo rk p i ec e  W,  a  s t ag e  110  

(w or kp ie ce  mo u n t i ng  pa r t )  i s  l oc a te d  i mme d ia te l y  un de r  t he  

en d  pa r t .  



38 

 

     T he  r e s in  su pp l y s e c t io n  1 2 B i nc lu de s :  a  mo va b l e  s ec t i on  

10 0 ,  w h i ch  s t o r e s  g r an u l a r  r e s in  w ho se  a mo un t  i s  e qu a l  t o  o r  

mo re  th an  a  r e qu i r e d  a mo un t  f o r  o n e  mol d i n g  a c t io n  an d  w hi ch  

i s  mo v ed  to  d r op  an d  su pp l y th e  g ra nu la r  r e s in  to  t he  

wo rk p i ec e ;  a nd  a  f ixe d  f i r s t  s t o r i n g  pa r t  1 01  ( f i xe d  se c t i on ) ,  

wh ic h  s to re s  t he  g r an u l a r  r e s i n  an d  su p p l i e s  th e  r e s i n  to  th e  

mo va b l e  s ec t i on .  Th e  r e s i n  s up p l y  se c t io n  1 2B  f u r t h e r  i nc lu de s  

a  we ig h t  s ca l e  111 ,  w h i ch  i s  p ro v i de d  to  t he  t ab le  110  

(w or kp ie ce  mo u n t in g  p a r t )  an d  wh i ch  me as ur es  t he  we ig h t  o f  

th e  r e s in  t o  be  d ro pp ed  o n t o  th e  wo rk p i ec e  W or  t he  su p p l y  

a mou n t  o f  th e  g r a nu la r  r e s i n .  

     T he  mo va b l e  se c t io n  1 00  i nc l ud es :  t h e  t ro ug h  10 2  ( r e s in  

d r op p i ng  p a r t )  f o r  d ro pp in g  th e  g ra nu la r  r e s i n  o n t o  th e  

wo rk p i ec e  W f ro m th e  e nd  p a r t ;  a n  e l ec t r o mag ne t i c  f ee de r  10 3  

f o r  v i b r a t in g  th e  t r ou gh  1 02  t o  se n d  t h e  g ra n u l a r  r e s in  t ow ar d  

th e  en d  p a r t ;  an d  a  se co n d  s t o r i ng  p a r t  10 4  ( r e s i n  s to r in g  p a r t ) ,  

i n  wh ic h  t he  g ra n u l a r  r e s i n  w ho s e  a mou n t  i s  e qu a l  t o  o r  mor e  

th an  th e  r eq u i r e d  a mo un t  f o r  mo ld in g  on e  w o rk p i ec e  i s  

t e mp or a r i l y  s t o r e d  ( r e se rv ed ) .  T h e  mov a b l e  s ec t i o n  1 00  i s  

su sp en de d  b y a  d r iv in g  me ch an i s m 10 5  an d  ca n  be  mov ed  i n  th e  

X- ,  Y-  an d  Z - d i r ec t i on s .  Whe n  th e  w e i g h t  o r  v o l u me  o f  t he  

g r an u l a r  r e s in  s to re d  i n  th e  mo v ab le  se c t io n  1 00  i s  l e s s  t ha n  

th e  r e qu i r e d  a mou n t  f o r  on e  mo ld in g  ac t i o n ,  t he  mo va b l e  

se c t io n  i s  mov e d  to wa rd  th e  f ix ed  se c t io n  s o  a s  t o  r ece i ve  a n d  

r e s t oc k  th e  g ra n u l a r  r e s in .  N o t e  t ha t ,  t h e  a mo u n t  o f  t he  

g r an u l a r  r e s i n  s to re d  i n  t he  se co n d  s t o r in g  p a r t  1 0 4  ma y b e  l e s s  

th an  th e  r eq u i r e d  a mou n t  f o r  o ne  m ol d i ng  ac t i on .  I n  t h i s  c a s e ,  a  

l a rg e - s i ze d  w o rk p i ec e  W c an  b e  mol de d  b y r ep ea te d l y  

su pp l yi n g  t he  g ra nu la r  r e s i n  to  p a r t s  o f  t he  w or kp ie c e  W.  
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     T he  f i r s t  s to r i ng  pa r t  10 1  i nc l ud es  a  h op pe r  1 07 ,  t o  w h i ch  

a  l a rge  a mo un t  o f  g r an u l a r  r e s in  f o r  mol d in g  ma n y w or kp ie ce s  

i s  ma nu a l l y  s up p l i e d ,  a nd  su p p l i e s  t he  g r an u l a r  r e s i n  t o  t he  

se co nd  s t o r i ng  pa r t  10 4  w h en  th e  m ov ab le  se c t io n  10 0  i s  mo ve d  

to  a  p re sc r i be d  po s i t i on  c lo se  t o  th e  f i r s t  s to r i ng  p a r t  10 1 .  

     B y e mp lo yi ng  t he  r e s in  s up p l y  s e c t io n  12 B,  t h e  mo va b l e  

se c t io n  1 00  i nc l u d i ng  th e  t ro u gh  10 2  a nd  th e  mo v ab le  pa r t s  

a r ou nd  th e  t ro u gh  ca n  b e  l ig h t en ed  an d  d ow n s i ze d ,  s o  t ha t  t he  

t r ou gh  10 2  c an  be  s moo th l y mo v ed  an d  t he  d r iv in g  m ec ha n i s m 

10 5  ca n  b e  d ow n s i ze d .  F u r t he r,  a n  e r ro r  b e t we en  an  a c t ua l  

a mou n t  o f  t he  d r op pe d  r e s in  w e i g he d  b y t he  w e i gh t  s ca l e  111  

an d  a  p re de te r mi n ed  we ig h t  t h e re o f  ca n  be  co r r ec te d .  Th e r e f o r e ,  

mo ld  d e f ec t s  s uc h  a s  in co mp le te  f i l l i ng  c an  b e  r e du c ed .   

     N e x t ,  a  r e s i n  s up p l y s t ep  ( r e s in  d r op p in g  s t e p )  pe r f o r me d  

in  t he  r e s in  su pp l y  s e c t io n  1 2B  wi l l  be  e xp la i ne d .  I n  t he  r e s in  

su pp l y s t ep ,  f o r  e xa mp le ,  t he  t ro ug h  10 2  h av in g  a  f l a t  b o t to m  

f ace  i s  u se d ,  a nd  th e  t r ou gh  i s  mo ve d ,  a t  a  f i x ed  s pe ed ,  w i th  

d r op p i ng  t he  g r an u l a r  r e s i n ,  i n  th e  wi d t h  d i r ec t i o n ,  a t  a n  e ve n  

su pp l y r a t e ,  s o  t h a t  t h e  g ra nu la r  r e s i n  c an  be  d r op p e d  o n t o  t he  

wo rk p i ec e  W w i t h  a n  ev en  t h i ck ne s s .  

     Co nc re te l y,  wh i l e  th e  t ro ug h  10 2  i s  r e c i p r oc a l l y  mo v ed ,  

in  th e  l on g i tu d in a l  d i r e c t io n  o f  t h e  t ro ug h ,  w i t h  d r op p i ng  th e  

g r an u l a r  r e s in ,  an  ac t i o n  f o r  d r op p in g  th e  g r an u l a r  r e s in  o n t o  

th e  wo rk p i ec e  W wi t h  a  w id th  c o r re s po nd in g  to  t h a t  o f  t he  

t r ou gh  1 02  a nd  th e  a c t io n  f o r  mo v i ng  th e  mo v ab le  s ec t i on  1 00  

to  a  p re de te r min e d  s up p l y - s t a r t i n g  po s i t i on ,  a t  wh ic h  th e  r e s in  

ca n  b e  d r op p ed  i n  a n  a r ea  a d j ac e n t  to  t he  a re a  t o  w h i ch  t he  

r e s i n  ha s  be en  p r ev io us l y d ro p p ed ,  w i th ou t  d r o pp in g  th e  

g r an u l a r  r e s in ,  a r e  r ep ea te d ,  s o  th a t  t he  g ra nu la r  r e s in  ca n  be  
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su pp l i ed  on to  th e  en t i r e  su r f ac e  o f  t h e  w or kp ie ce  ( se e  F i g .  

23 A) .  

     T he re f o re ,  t he  g r an u la r  r e s in  i s  d r o pp ed  in  o ne  be l t - l i k e  

a re a  b y  p e r f o r mi n g  o ne  d r op p i ng  a c t i o n ,  so  th e  g ra n u l a r  r e s i n  

ca n  b e  ev en l y s up p l i e d  in  th e  a r r a n ge d  b e l t - l i k e  a r ea s  b y 

r e pe a t in g  t he  ac t i on .  I n  t h i s  ca se ,  t he  ac tu a l  su p p l y a mou n t  o f  

th e  r e s i n  su pp l i ed  t o  th e  be l t - l i k e  a rea  i s  me a su re d  e ve r y t i me  

b y th e  we ig h t  s c a l e  111 ,  an d  th e  su pp l y a mo un t  f o r  t he  n ex t  

a r e a  i s  a d j us t e d  to  c o r re c t  t h e  e r ro r  be t wee n  t he  me as ur ed  

ac t u a l  s up p l y a mo un t  an d  th e  p r e de t e r mi ne d  a mo un t ,  so  t ha t  an  

e r r o r  o f  t he  t o t a l  su pp l y a mo u n t  f o r  on e  wo rk p i ec e  W ca n  b e  

h i gh l y r ed uc ed .  

     T he  g r an u l a r  r e s i n  ma y b e  d r op pe d  so  a s  to  mak e  th e  

be l t - l i k e  a re as ,  ea ch  o f  w h ic h  i s  f o r me d  b y o ne  d ro pp in g  a c t i on ,  

pa r t i a l l y  o r  wh o l l y  o ve r l ap  e ac h  o t he r.  Fo r  ex a mpl e ,  wh en  t he  

g r an u l a r  r e s i n  i s  d r op pe d  i n t o  ga ps  be tw ee n  t he  se mi co nd uc to r  

ch ip s  ma t r i c a l l y  mo un te d  o n  th e  wo rk p i ec e  W,  th e  r e s i n  i s  

d r op pe d  t o  r ep ea te d l y  f o r m t he  b e l t - l i ke  a re as ,  s o  t h a t  t h e  

su pp l y a mo u n t  o f  t h e  r e s in  ca n  b e  g r ea te r  t ha n  t ha t  f o r  me r e l y 

d r op p i ng  th e  g r an u l a r  r e s i n  o n to  th e  c h i ps .  Th e r e f o r e ,  

co nv ex oc on ca ve s  f o r med  o n  th e  su r f ace  o f  th e  g r a n u l a r  r e s in  

d r op pe d  o n t o  t he  w or k p i ece  W c a n  be  r e du ce d ,  a n d  th e  r e s in  

f low  i n  c o mpr es s i on  mo ld in g  ca n  b e  r e s t r a in ed ,  s o  th a t  q ua l i t y  

o f  t he  mo l de d  p r od uc t  ca n  be  i mp ro ve d .  F ur th e r,  i n  c a se  o f  

su pp l yi n g  th e  g ra nu la r  r e s in  t o  o ve r l a p  th e  b e l t - l i ke  a re a s  i n  a  

s t a t e  wh er e  a  ha l f  t he  w id th  o f  th e  on e  be l t - l i k e  a r ea  o ve r l ap s  

th e  a d j ac en t  be l t - l i ke  a r ea ,  t h e  g ra nu la r  r e s i n  c an  b e  s up p l i ed  

wi th  ev e n  t h i ck ne ss  o r  w i t h  pa r t i a l l y  va r yi n g  o r  c ha ng in g  t h e  

th i c kn es s  b y r ep e a t i n g  th i s  s up p l y ac t i on .   
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     I n  t he  a bo ve  d es c r ib ed  s t ru c t u r e ,  b y mo v in g  o n l y  t he  

mo va b l e  se c t io n  1 00  w hi ch  s to r e s  a  s ma l l  a mo un t  o f  th e  

g r an u l a r  r e s i n ,  g r ow in g  th e  a p pa ra t us  in  s i z e  c a n  b e  p r ev en te d ,  

s c a t t e r i ng  t h e  g r an u l a r  r e s i n  f r o m t he  w o rk p i ec e  W ca n  b e  

p r ev en te d ,  a nd  t h e  d ro p p i ng  ac t i o n  ca n  be  p e r f o r me d  wi th ou t  

ap p l yi n g  s t r e s s  t o  th e  w or kp ie ce  W.  E ve n  i f  t h e  d ro pp ed  

g r an u l a r  r e s in  i s  p a r t i a l l y  s c a t t e re d ,  t h e  d r iv i ng  me c h an i s m 10 5 ,  

wh ic h  i s  l o ca te d  ab ov e  th e  t ro ug h  10 2  an d  t he  s ec o nd  s to r i n g  

pa r t  1 04 ,  i s  no t  c on ta mi na te d ,  s o  th a t  ma i n te na n ce  c an  b e  

e f f i c i e n t l y  p e r f o r me d .  

     P re f e ra b l y,  t h e  t ro ug h  10 2  ca n  b e  e xc ha ng e d  t o  o th e r  

t r ou gh s  h av in g  d i f f e r en t  w id th s  a cc or d i n g  to  s i ze  o f  th e  

wo rk p i ec e  W.  I n  t h i s  ca s e ,  t he  wi de  t ro u gh  10 2  i s  s e l ec t e d  f o r  

mo ld in g  t he  l a rg e  w or k p i ec e  W a n d  th e  n a r ro w  t ro u gh  1 0 2  i s  

s e l e c t ed  f o r  mo ld i ng  th e  s ma l l  w or k p i ec e  W a cc or d i n g  t o  t yp e s  

o f  th e  w o rk p i ec e  W,  so  t ha t  n u mb e r  o f  d ro p p i ng  th e  r e s i n  c an  

be  r ed u ce d  a nd  a  r eq u i r e d  t i me  f o r  d r o pp in g  t he  r e s i n  ca n  be  

sh or t e ne d  i n  ca se  o f  mol d i ng  th e  l a rge  w or k p i ec e  W,  an d  t he  

r e s i n  ca n  be  e as i l y  d r op pe d  o n  t he  b as i s  o f  th e  d r op p i ng  

pa t t e r n .   

     Fu r t he r,  t he  r e s in  su p p l y a c t i on  o f  E mb o d i me n t  1  c an  be  

pe r f o r me d  b y t he  r e s in  s up p l y s e c t i o n  12 B.  Co nc r e te l y,  t he  

t r ou gh  1 02  i s  r e l a t i ve l y mo v ed  w i t h  r e sp ec t  t o  th e  t a b le  11 0  b y 

th e  d r i v i ng  mec h an i s m 10 5 ,  an d  t he  wr i t in g  me th o d ,  in  w h i ch  

th e  g r an u la r  r e s i n  i s  c on t i nu o us l y d r op pe d  o n t o  t he  wo rk p i ec e  

W f r o m t he  e nd  p a r t  o f  t he  t ro ug h  10 2 ,  i s  p e r f o r me d  to  f o r m t he  

ba se  r e s in  p a r t  on  t he  w or kp ie ce  W a nd  f o r m th e  co n ve x  r e s i n  

pa r t  i n  th e  ce n t e r  pa r t  o f  t h e  ba se  r e s in  p a r t .   



42 

 

CL AI M S  

[Claim 1] 

A resin molding apparatus, comprising: 

a resin supply section for dropping granular resin onto a supply target; 

and 

a conveying hand for conveying the supply target; and 

a press section including a pair of dies, which clamps the supply target, 

on which the granular resin has been supplied, and thermal-cures the granular 

resin in which a recessed cavity will be formed, 

wherein the resin supply section includes: 

a trough for dropping the granular resin onto the supply target;  

a supply target mounting part, on which the supply target will be 

mounted, being located immediately under the trough;  

a driving mechanism for moving the trough; 

a first storing part storing the granular resin;  

a second storing part being smaller than the first storing part, the 

granular resin being supplied to the second storing part when the second 

storing part is moved to a prescribed position close to the first storing part 

thereby the second storing part temporarily storing stores the granular resin 

sent from the first storing part and supplying supplies the granular resin to the 

trough; and 

a weight scale, which measures a supply amount of the dropped 

granular resin in a state where the supply target is mounted on the supply 

target mounting section, being provided to the supply target mounting part, 

and  

wherein the first storing part is fixed, the trough is moved, by the 

driving mechanism, together with the second storing part,  and the supply 

target mounting part is fixed, and the trough is moved to supply the granular 

resin onto the supply target and form the same in a desired pattern thereon,  
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wherein the conveying hand conveys the supply target, on which the 

granular resin has been supplied, into the pair of dies and sets therein, and  

wherein the press section clamps the supply target, on which the 

granular resin has been supplied, by the pair of dies and thermal-cures the 

granular resin in the cavity for resin molding. 

[Claim 2] 

The resin molding apparatus according to claim 1,  

wherein a base resin part is formed by a writing method, which is 

performed by continuously dropping the granular resin onto the supply target 

from the trough, with relatively moving the supply target mounting part with 

respect to the trough by the driving mechanism, and a convex resin part, which 

is higher than the base resin part, is formed on a center part of the base resin 

part by supplying the resin. 

[Claim 53]  

The resin molding apparatus according to claim 1,  

wherein the granular resin is supplied onto the entire surface of the 

supply target by repeating an action for supplying the granular resin onto the 

supply target in the form of a belt when the trough is reciprocally moved in the 

longitudinal direction of the trough. 

[Claim 64]  

The resin molding apparatus according to claim 53, 

wherein measuring the actual supply amount of the former dropping 

action by the weight scale and adjusting the supply amount for the next 

dropping action to correct an error between the measured supply amount and 

the predetermined amount are repeated.  

[Claim 35] 

The resin molding apparatus according to any one of claims 1 to 24, 

further comprising a preheating section being provided on a supply 

target conveying route between the resin supply section and the press section, 
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the preheating section preheating the supply target, on which the granular resin 

has been supplied, at a temperature lower than a molding temperature. 

[Claim 46]  

The resin molding apparatus according to claim 35, 

further comprising a cooling section being provided on the supply 

target conveying route between the preheating section and the press section, 

the cooling section cooling the preheated supply target. 

[Claim 7] 

A resin supplying apparatus, which is capable of dropping granular 

resin onto a supply target, comprising: 

a trough for dropping the granular resin onto the supply target;  

a supply target mounting part, on which the supply target will be 

mounted, being located immediately under the trough;  

a driving mechanism for moving the trough; 

a first storing part storing the granular resin;  

a second storing part being smaller than the first storing part, the 

granular resin being supplied to the second storing part when the second 

storing part is moved to a prescribed position close to the first storing part 

thereby the second storing part temporarily stores the granular resin sent from 

the first storing part and supplies the granular resin to the trough; and 

a weight scale, which measures a supply amount of the dropped 

granular resin in a state where the supply target is mounted on the supply 

target mounting section, being provided to the supply target mounting part,  

wherein, in the resin supply section, the first storing part is fixed, the 

trough is moved, by the driving mechanism, together with the second storing 

part, the supply target mounting part is fixed, and the trough is moved to 

supply the granular resin onto the supply target and form the same in a desired 

pattern thereon. 


